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TRANSACTIONS. 


].—Notes on Hydrodynamics, chiefly on Vortex Motion. 
By Professor Andrew Gray, F.R.S. 


(MS. received November 6, 1908. Read November 16, 1908. Issued separately April 15, 1909.) 


1. In the teaching of hydrodynamics many points of difficulty arise, both for 
teacher and for student. The subject abounds in subtleties even in its very elements, 
and the advanced student frequently finds himself in a state of doubt as to 
fundamental questions which crop up unexpectedly in connection with various 
problems. The following notes contain a discussion of a few of these fundamental 
matters: for example, they deal with some theorems of energy which have been 
found difficult by students, perhaps mainly through want of perfectly explicit state- 
ment of their scope and purpose. Finally will be demonstrated a theorem of 
vortex-motion, particular cases of which have been given by various writers, but 
which I have not seen stated elsewhere in the same generality. This will be found 
to lead to Lorp Ketvin’s well-known and far-reaching theorem of circulation, and 
to other theorems of the vortex-motion of a perfect fluid, some of which are already 
known. 

2. First it may be recalled that if gq be the resultant velocity of a particle of 
the fluid at any point P at time ¢ (or indeed any other quantity characteristic of 
an element of the fluid in motion), and ds the element of path actually described 
by the particle in the interval of time dt beginning at ¢, the acceleration of the 


particle is 


This, of course, is the usual expression from which the component accelerations 
parallel to the axes are deduced. 
But if ds’ be an element of a line drawn from P at any angle to ds, and q’ the 

component of velocity in the direction of ds’, the acceleration in this direction is 

nC 

at a5" 
This is a very useful expression, and will be of great service in what follows. By 
putting u, v, w for g’ we obtain easily the usual component accelerations. That the 


acceleration along ds’ has this value is at once evident from the fact that, at time ¢, 
rg TRANS. ROY. SOC. EDIN., VOL. XLVII. PART I. (NO. I). 1 
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the velocity in the direction of ds’ at a point Q, at a distance ds in advance of P. 
along the line of flow, is q’+0q’/és.ds. After the lapse of the interval dt, the 
particle which was at P has reached Q, and its velocity (along ds’) has become, 
to the first order of small quantities, q’+0q'/ot.dt+0q'/os.ds. Since q=ds/dt, 
the particle when at P is thus gaining velocity in the direction of ds’ at rate 
se + : ; : : (1). 
3. An elementary point of some difficulty to the student arises in this connection. 
The integral 
[as 


ot 


is to be differentiated with respect to ds’, specified as in §2. The result is 


d | oq aq ds _ 0q' 
d — — F = = 5 4 
she @ Oh ds CF (2) 


Here we have ds/ds’=cos 0, where @ is the angle between ds’ and the terminal element 
of the line of integration. It is at first a little dithcult to see that ds/ds’ has this 
value. But the whole question is, What is the change in /0q/dt.ds produced by 
a small step ds’ inclined at an angle 6 to ds? Now the step ds’ may be regarded 
as made up of a step ds’cos@ along the stream-line, followed by one ds’sin#@ 
at right angles to the stream-line. The former gives the element 0q/dt. ds’ cos@ of 
the integral; the latter, being at right angles to the stream-line, leaves the integral 
unchanged ; therefore the result of the differentiation is aq/dt . cos 0, or 0q’/dt. 

The student is at first tempted to take ds’ as one component of a step ds along 
the stream-line, that is, as dscos@. He forgets that if this is done the element 
dq/ot. ds of the integral, which he now makes to correspond to ds’, is the result, not 
of the step ds’ alone, but in part also of the coexistent step ds sin 0. 

4. The flow of energy in the hydrodynamic field may be discussed in two ways. 
We may determine the rate of change of energy within a closed surface S fixed 
in the fluid, or we may find the rate of change of the energy of the definite mass 
of fluid which at time ¢ occupies the space within the given surface 8. These are 
two distinct problems—since at time t+dt the fluid which at time ¢ occupied the 
space within the surface no longer does so precisely—and a comparison of their 
solutions is instructive. As we shall see presently, the solution of one problem 
can be derived from that of the other; and the application of the results to 
particular cases gives various well-known hydrodynamical theorems. 

5. We take first the problem of the rate of change of the energy of the mass 
of fluid contained at time ¢ within the surface 8S. Let g denote, as usual, the 
resultant velocity of a particle of the fluid, and q its total time-rate of variation. 
If, as is usually the case, the external forces (per unit mass) be derivable from a 
potential—which we shall call V—we have 


sev Gop 
Ae Re oe do ate 
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Multiplying both sides by dm, an element of the fluid mass, and integrating for 
the whole mass of fluid within the surface, we obtain 
| qgdm = — | qodm— | qPao (3), 

if dw be the volume (dm/p) of the element of mass dm. Now usually V is 
independent of ¢, and therefore 0V/ot=0. Thus for gdV/ds in the first integrand 
on the right we can write 0V/ot+q0V/ds, which is clearly dV/dt. Thus if T 
denote the kinetic energy of the fluid which fills the surface -at time ¢, and KH 
denote the potential energy from which the external forces are derived for the 
same fluid mass, we have 


dT [dV dE 
= m= 


el dV, _dE 
[adam at’ i dt dt’ 


The equation found above can therefore be written in the form 
di MA fixep 
S(T+E)= [Pao ! : empty 


This gives, in an exceedingly compact form, the value of the total time-rate of 
variation of the sum of the kinetic and potential energies T and H. 

6. The integral on the right can be transformed by partial integration, without 
the introduction of Cartesian co-ordinates, by proceeding as follows. The continuity 
of the motion from point to point in the fluid involves the possibility of dividing 
the fluid mass up into narrow tubular portions bounded by non-intersecting stream- 
lines. We shall call these tubes of flow. Their distribution is determinate for any 
instant (or point of time), but varies in the general case from instant to instant. 
Hach such tube (unless it be endless, and entirely contained within the surface) will 
enter the closed surface S at one element dS, of surface, and emerge at another 
element dS,. We shall denote for any element of one of these tubes, say an element 
of length ds, the average area of cross-section by «; then o« varies along the tube, 
that is, it is to be regarded as a definite function of s, at each instant of time. 
The element of volume dw will now be cds. 

7. First, then, integrating the expression on the right of (4) by parts, we get as the 
integrated terms for a single tube — p,q.o,+ 191%), Where 71, v, are the cross-sections 
of the tube at entrance into and emergence from the surface 8. If q, be the com- 
ponent of velocity normal to the surface inward from an element dS of the surface, 
this sum of terms may be written (pqndS).+(pqnd8),. The aggregate result for all 
the tubes crossing the surface is the integral 


| PQAS 


taken over the surface S. Thus we obtain, since dw =cds, 
d shel Shee Siig: 
G{t+B)= [pads + [ph £(qo)aa 


0g , g oo 
= dS MS, ; 5). 
|r + o(Z+22\a () 
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If there be endless tubes of flow contained entirely within the surface, no change 
in the surface integral in this result is required. The volume integral on the right, 
however, must be evaluated for each such tube. 

The expression 


is the “divergence” of the fluid within a tube of flow, that is, the time-rate of 
increase of the volume of the fluid, per unit of volume, at the element ds. This 
expression is equivalent to 


du, ow, ow 
Baney Aue? 
the divergence expressed in terms of the component velocities with reference to 
rectangular axes. [It is not difficult to verify this equivalence. | 
Equation (5) may thus be written in the form 


d ow dv. ow - 
—= — y) —_— —_ — d.: . 6 
ithe + ») [r(0u-+-mo-+moyas | | [r(S+ 2+ =) xdydz (6), 


where /, m, 7 are the direction-cosines of the inward drawn normal to the element 


of surface d8. 
8. From the equation (5) [or (6)] we can deduce the value of 


0 2 
a | (Zeq’ + pV)d@, 


that is, of the time-rate of variation of the energy within the fixed surface 8. 

Let U denote the volume of the space within §, then this at time ¢ is the volume 
of the mass of fluid which we have been considering. Let also e denote the average 
value of the sum of the kinetic and potential energies per unit of volume; then for the 
whole mass of the fluid 


T+H=Ue. 
Thus 
d dU de 
ap fe oo ee 
Be a ae ee 
therefore 


de a dU 
Jeena Wipe 
UF a ape 


for U, considered as the volume of a definite mass of fluid, is subject to change. This 
by § 7 is the same thing as the equation 


i o (bp + pV)da = | pq, + i de +2 aes 


oq i=) 

— | (Log? ot pt |; 

[0a +pv(Z44 a5 iD ; Qi): 
But by § 2 


d 9 : 
(beg? + pV) = ai’ pq? +pV)+ 12 (3 egepN): 
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Thus we obtain 
| der + pV )l@ = Jonas + ine + ¢ 2 ae 
J ot Os oo Os 


- [eg+9¥) 14222) a0 


é 
- [a2 Gor + pV)ae. 


Remembering that {éq/és + (q/c)0o/és} dw =0(qo)/es. ds, and integrating the second line 
on the right by parts as in § 7, we obtain 


ie a bzed + pV )d@ = i (207° + pV + p)gndS + |o(S+ 12 a0 . (8). 


The integral on the left of (8) is the rate at which the sum of the kinetic and 
potential energies within the surface is increasing ; and the integrals on the right show 
that this rate is equal to the rate of flow of energy into the space across the surface, 
together with the rate at which work is done by pressure in consequence of expansion 
of the fluid within the space and of passage of fluid across the surface. 

9. The value of the divergence found above for a tube of flow leads to a corre- 
sponding mode of expressing the equation of continuity of the fluid. If p be the 
density of the fluid at the element of volume da, then, since the increase of volume in 
time dt is (dq/és+q/o .dc/ds)dt per unit volume, the mass for this at density p is 
p(oq/ds + q/c . do/ds)dt. But since the mass of the element is not changed, for it 
preserves its identity, this expression must have the value —dp/dt.dt. Thus we 
obtain the equation of continuity in the form 

Ba a) 
or ; ‘ : : (9). 


dp dp og gor 
ae ae 5) 79 


If we put © for the divergence, this equation can be written 


dp 
@=0 . & Vo} 
are (10) 


10. As an example of these results we apply them to the steady motion of the fluid 
within a portion of a tube of flow bounded by cross-sections perpendicular to the 
stream-lines. In this case the surface-integral on the right is limited to the ends of 
the tube. Let dS,, dS, be the areas of the ends, and q,, g, be the velocities there 
along the tube. Then the surface integral becomes 


(4ai+ Vi +2) pad, - (408+ Ve +2!)padS, 
1 ‘ 2 


But since the motion is steady, p,q,dS, = pyqodSq, since the former is the mass of fluid 
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which flows into the tube, and the latter the mass which flows out, per unit of time. 
Denoting this constant quantity by «, we obtain 


Ja pg? + pV +p)q,d8 = r(dai+V, sae Va Es) : : (11). 
2 


Now consider the volume-integral on the right of (8). By the equation of con- 
tinuity given in § 9 we have 


d 
[reac = - n|r% ales 


where the integral on the right is to be taken along the tube here considered, in the 
direction of flow. Integrating by parts, we find 


oq ELA Bowe 
[oe Co =a = (2 Py Pi p ): 
This added to the former result gives 


0g q 0a oe a er) ho ee ” dp 
[@ pg’ + pV + p)gndS + po +1 Vom =n( i+ Vi 22 — Vo We 2) . (13). 
Thus, since the left-hand side of (13) vanishes in the case of steady motion, we 
obtain finally for any cross-section of the tube the well-known equation 


ig + V+ [P=const : 5 : c (14), 


which is generally obtained hy another process. It is to be understood that the 
integral, /dp/p, is to be taken along the stream-line, from any chosen starting-point 
up to the cross-section to which g and V belong. [tis thus shown that $q?+ V +/dp/p 
is constant along a stream-line ; but its constant value, itis to be observed, may change 
from one stream-line to another. 

11. We shall now find an expression for 


aD 


OTe | 
[#as+ 40 7 Be) p 


in the general case. This will show that when the fluid is destitute of what may be 
called elemental rotation the value of this expression, which is a function of the time, 
is the same throughout the fluid at any one instant, and becomes an absolute constant 
when the motion is steady. 

The theorem thus arrived at will be found to lead at once to Lorp Ketvin’s 
theorem of circulation, from which the permanence of vorticity, or non-vorticity, in any 
portion of a perfect fluid, can be inferred. It will be shown also how another 
relation can be obtained, which affords another view of the proof of the theorem of 
permanence. 


Let \ denote 
[aes yer v+ (2, 
ot p 
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where ds is in the direction of the resultant velocity g, and p is as usual a function 
of p. The integrals are supposed taken along the stream-line from any chosen 
starting-pomt to the point considered. If now we differentiate in any direction 
inclined at an angle 6 to the direction of ds and q, we get 

Ow _0q' , Og , OV , lap 

ag af * Vag ay * 5 a5” 

But we know that 

oq’ 0g’ oV -o ; 

Ot oe as” a 

for the first two terms make up dq’/dt, 
and this, by the equation of motion for 
the direction ds’, is —(0V/ds’ + 1/p . dp/ds’). 
Thus by subtraction we get 
Op (aq _ 6 
as’ a ds ) 
But if ,, denote the component of ele- 
mental rotation of the fluid about the 
normal to the plane of ds and ds’, at P 
their point of meeting, as indicated in the 
figure, we can easily prove that 


— Que sin =o : : : : (15), 


so that 
Weer gsn ct ES 
0s 


12. I have not seen this theorem stated before, though various particular cases 
of it are known from which it might be inferred. It asserts that, at time ¢t, ~ is 
constant along a stream-line, and likewise along any line ds’ so drawn that ,, is 
zero for the plane determined by ds’ and ds. is in general a function of ¢, and 
the theorem shows how its variation from point to point depends on the motion of 
the fluid. 

By turning ds’, without altering 9, we can change the plane of ds and ds’ from that 
for which ,, sin 8 is zero to that—inclined to the former at an angle of 90°—for which 
Sin # is a maximum. The normal to the latter plane may or may not be the 
direction of the axis of resultant rotation at P (see figure). 

13. Equation (15) may be regarded as an equation of motion for the direction ds’ 
inclined at the angle @ to ds, the direction of flow. If we take ds’ parallel to the fixed 
axes Ox, Oy, Oz in succession, we obtain three equations :— 


CG) 
oy ie wey sin sy = 0 


Gi : 
~ + 2oseg sin O57 = 0, ay 


(17). 
2weegq sin O,2= 0 
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If, according to the usual notation, we put 


a — 


these equations become 

ow oy 

a). + 2wy — 206=0, ay toed 208 =o] 

Y 
(18), 

ow 
ae 2vé — 2un =0 | 
which may be regarded as the Cartesian equations of motion of the fluid. These 
equations are given in Lams’s Hydrodynamics, 3rd edition, § 146, but are derived 
directly from the ordinary Eulerian equations of motion. 

14. The proof of equation (15) deserves a little attention. We can show that the 
equation holds, and also make it clear that o, is an angular velocity of rotation— 
a point that is not always brought out in the kinematics of vortex-motion-—by pro- 
ceeding as follows. The average velocities along the four sides of the small parallelo- 
gram of the figure may be taken to be the velocities of the fluid in these directions at 
the middle points of the sides. These are, for the sides PQ, QR, RQ’, Q’P, 


aq 1 OY 5. OF 5 
q+ 3-.ds, qta—ds+tards, 


é é aq’ 
= (a + yas + sys ) “- Ci + bends’). 
Multiplying the first and third of these by ds, and the second and fourth by ds’, and 
adding, we obtain 
- ~ “A asa 
ds ds’ 


Thus if g, be the component of velocity along the boundary of the parallelogram 
at any element dc, we have for the parallelogram 


= — 
| ate = @ =e dsds’. 


But the angular velocity of a fluid particle at dc about a point, P” say, in the 
plane of ds and ds’ and within the parallelogram, is q,/p, where p is the length of 
the perpendicular from P” on the side upon which dc is situated. Thus 


Je ae = (4-1) aaas. 
[tp ae = (Z-F) asa 


If , be the mean angular velocity for particles at different points of the periphery 
of the parallelogram, the integral on the left is evidently 2,,dsds’sin@. Thus 
we obtain, as stated in (15), 
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15. Returning now to equation (16), we write imstead of W, x+Jdq/ot. ds, 
so that 
x=i¢+V+ [2 praey 
Jp 
Equation (16) may thus be written 
0 , 


== = Boge qsin 6 — E : 


(20). 


As in the diagram, let AB be any line drawn in the 
fluid, and PQ be the element ds’, which we suppose to be 
on this line. 

As before, g is the resultant velocity of the fluid at 
P, and q’=q cos @ is the component at P along the tangent 
‘to AB at P. Now qsin@ is the velocity at P at right 
angles to ds’, that is, gsin@ is the velocity with which 
each point of the path AB is moving at P towards the 
right in the plane of the paper. The product qsin@ds’ ~, 
is therefore, the rate at which any circuit including ds’ 
is increasing in area, in consequence of the motion of ds’ at right angles to itself, 


in the plane of the paper, without alteration of length. 
Multiplying (20) by ds’, and integrating from A to B, we obtain 
X=X= - | Qu, ain Oda! — | a eels 

We see that the first integral on the right is twice the rate at which the surface 
integral of elemental rotation, taken over any surface of which AB is part of the 
boundary, is changing in consequence of the fact that each element ds’ is being 
carried at right angles to itself by the motion of the fluid. It is also, it is to be 
noted, the rate at which the flow of the fluid along AB is changing from this cause. 

16. But the area enclosed is also changing in consequence of the motion of one end 
of the element ds’ relatively to the other. The surface integral is changing from this 
cause also, and the rate of change can be found most easily by calculating the rate of 
inerease of flow along AB arising from the change of length of the element. 

To do this, consider the new position of ds’ after the lapse of time dt. Let the 
plane of the initial position of ds’, and of the displacement qdt of P, be taken as 
a plane of reference. The other end Q of ds’ has been displaced through a distance 
(q+0q/as’. ds’)dt which is not in this plane, and is not parallel to the displacement 
qdt of P. The increase of the rate of flow of fluid along ds’ arising from the 
difference (4q/ds’ . ds’)dt is gaq/ds’. ds’. 

If this is not intuitively perceived, it can be proved as follows :— 

The component of the displacement (q+0q/ds’.ds')dt of Q alone ds’ is 


(q + 09/05". ds’)dt. cos (8+ 6), or (q cos 0 — qdO. sin 0 + 2y/2s’ . ds’ cos 0)dt. Thus the end 
TRANS. ROY. SOC. EDIN., VOL XLVII, PART IL (NO. 1). 2 


10 PROFESSOR ANDREW GRAY, 


Q suffers in dt a displacement relatively to P of amount (@q/ds’ . ds’ cos 8 — qd6. sin A)dt, 
parallel to its original length. 
The additional flow due to this displacement is (q’ 0q/0s’ . ds cos 6 — qq’d@. sin 0) dt, or 


(at as cos? 6 — q?d6. sin 6 cos 6 )at, 
since q’ = q cos 8. 

But Q has also moved out through the distance (q+ 0q/0s’ . ds’)dt. sin (6+d0) 
at right angles to the original position of ds’. This is not parallel to q’ sin @dt, the 
displacement of P, but is so to the first order of small quantities. (This degree 
of approximation is, however, sufficient for the present calculation, as the velocity 
at Q in the direction at right angles to the plane ds, ds’ is a small quantity of 
the first order. Thus the flow due to the deviation from the plane ds, ds’ must 
be a small quantity of the second order.) We have to the degree of approximation 
required for the present purpose {(q + 0q/0s’. ds’) sin (0+ d0) —q sin 0} dt, or 

(a cos 0 d6 + of as sin @)at 
for the only other relative displacement that need be considered. 

The velocity in the direction of this displacement is approximately q sin @, and 

therefore the component of flow along the element due to the displacement is 


( q’ sin 6 cos 640 + qetads sin? 6) dt. 
s 
Thus the whole change in the rate of flow brought about by the two displacements is 
oq Hj 29) — 0g 3 
Iaads (sin? 6 + cos? @) Ia48. 


But the element ds’, carried along by the motion of the fluid, is displaced as a whole 
in time dt through a certain distance parallel to its own direction, and this, apart from 
alteration of length or direction of the element, causes an alteration of the rate of flow 
along it. The amount of this is easily shown to be gdq/és’.ds’. For the total growth 
in time dt of flow along ds’, with its given length and direction, is (aq’/at + gaq'/ds)ds'dt. 
This is due to the longitudinal and lateral displacements in dt taken together. But 
by (15), 09’/ds = 0q/0s’ + 2,, sin 8. Thus for the element ds’, with its given length and 
direction, the rate of increase of flow is (d9q’/at + goq/as’ + 2,.g sin 0)ds’. 

17. We therefore have finally 


(7X - 2458 \as' = — Qtr, Sin gas’ — 24-2 as' - “Las . (22), 
The expression on the right is twice the total time-rate of change of the surface- 
integral of rotation caused by the motion of ds’, together with twice the time-rate 
of change of the same integral due to variation of velocity while ds’ remains at rest. 
Integrating along AB we get 
x= xX -=@igan8 | gery Sin aus’ — 2 | gids’ - | of as , Sesion. 
3 AB 


AB AI 
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The first two terms on the right give twice the rate of change of the surface 
integral of elemental rotation (for any closed path of which AB forms part) due to 
the motion and the lengthening of the elements of AB; the last gives twice the 
rate of change of this integral when the circuit is without motion. 

18. If we integrate round the closed path, then under the conditions already 
stated as the dependence of p upon p, and the existence of the potential V, we get 
from the vanishing of the left-hand side 


| 2q% sin Ods' + 2fastas + [fe = . P : (24), 
j s 


and we see that the surface-integral of elemental rotation remains constant as the 
closed path moves with the fluid. 
It is to be noticed that for any closed path moving with the fluid 


[Bae — [Pee sin 6ds'’ . . . . (24’). 
Equation (23) with the value of x inserted is 
d 2 d : 1 0g , 0 ; , 
Ve+ | P 44° —(Va+ | oP 4q?)= - 2f qowsin Bas z 2 qas - [Bas . 5), 
B A AB 


and is equivalent to Lorp Ketvin’s theorem. The process of investigation here em- 
ployed, though longer than that usually adopted, has the advantage of tracing the 
various causes of change of the line-integral of flow along the path AB, and of throw- 
ing some additional light on the meaning of the theorem. 

19. If we take AB parallel to the axis of x, we obtain 


[ 2a00sin Ods' = - / (206 — 20n)da : : (26). 
AB ‘AB 
Let us now consider a fluid in motion in virtue of vortices contained within it, and 

suppose that a surface S can be described within the fluid so that it is everywhere at 
a finite distance from the vortices. We can describe a closed path, consisting of two 
parts: (1) a part parallel to the axis of «, starting from a point A near the surface §, 
and ending at a point B, also near the surface, but remote from A; and (2) a part 
starting from B and returning to A, but kept so near the surface everywhere as to 
avoid the vortices. If this path move with the fluid, then by (24’) 


| Fae + | 2d Ws sin Oaate + | as + i 2quss' sin Ods' =0 . . (27). 
AB AB BA “BA 


This equation can be written 


ede | (206 — Qua) + | de + | Qow,y sin ds =O Om 
‘AB AB "BA BA 


But going back to (21), we see that the last two terms on the left are Xz—X,, and 
as at every point of this part of the closed path »,,=0, we have 


_ { Ya. 2 
je xe = | ie (28). 
BA 
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If, further, the surface be so far from the vortices that the fluid is at rest [or, when 
this is not the case, the motion be steady], we know that 


0g" a6 — 
[fas =) 


Hence in either of these cases X,=Xz. We have then 


| wd -{ (2v€ — 2wn)du =0 ; : : (29) ; 
“AB AB 
and we see that 
| | [ Sanayae - | [feu — 2wn)dadydz=0 . . (30), 


where the volume integrals are taken throughout the fluid. In the case of steady 
motion this gives 

| [ [eve - 2wn)dadydz=0 
Similarly, 

| [ [(eue- 2ul)dudydz=0 : s ; (31). 


i | | (Qu — 2né)dadyde = 0 


These equations are usually obtained only for the case of the fluid contained 
within a surface which is at every point infinitely distant from the vortex system. 
Unless there is some error in the reasoning here stated this 
restriction would appear to be unnecessary. | 

20. A vortex-line is defined as a curve the tangent to which 
at any point is in the direction of the resultant rotation at 
the point. Since 0v)/ds’ is zero when ds’ is taken along a stream- 
line or along a vortex-line, it is zero for every direction in the 
plane determined at any point by the stream-line and the 
vortex-line through the point. It has therefore a maximum 
value at the point along a normal to the plane contained by 
these directions. 

0 A tubular space bounded by vortex-lines and filled with 
fluid in elemental rotation is called a vortex-tube. Consider 
a portion of a vortex-tube between two cross-sections formed by 
ds, an element of a stream-line, and ds’, taken at right angles 
to the plane of the stream-line and a vortex-line at a point 
on the surface of the tube. Such a portion of a tube is shown in the diagram by 
P’A’CD’/ BQ. P’A’ and QB are taken at right angles to the planes of the stream- 
line and vortex-line at P’ and Q, and represent ds’ taken at these points. P’Q, 
A’B, CD’ are vortex-lines, and P’C, QD’ represent ds taken at the same points. 
Since ds is not necessarily at right angles to the vortex-line at P’ or Q, let PC, QD 
be so taken. Then in PAC DBQ we have a portion of a vortex-tube with its 


D 
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ends perpendicular to vortex-lines, and PA, QB are the directions of ds’ at 


P and Q. 
Now for the plane P’A’C we have, since P’A’ and P’C are at right angles, 


oy = — 20559, 
0s 


or 
pe Onda 
os 


Thus, for the surface integral of rotation over P’A’C we have 


ow eee ee ie 9 
le =—-tossdsds . : . . (32). 

But if be the resultant angular velocity of rotation of the fluid about the vortex- 
line at P’, and > the angle between P’C (ds) and P’Q (the vortex-line), 


@ SIN d= age’, 


so that 
1Wat ds’ = - Luds ds.sin : . (33). 
s 


But 4dsds’sin¢ is the area of the end PAC of the portion of a vortex-tube. Calling 
this 7, we have 
Wa dt=-o0 es: 


We can prove that this is the same for both sections of the tube. or, consider the 
circuit PABQP, made up of the vortex-lines PQ, AB, and the two intercepted lines ds’, 
namely PA, QB. The line-integral 


reduces to dv-/ds’. ds’ for PA, and a similar expression, with the minus sign prefixed, for 
BQ. But for any closed circuit moving with the fluid the integral vanishes, and, 
since Y does not vary along a vortex-line, 0v//0s'.ds’ is the same for PA and AB. 

Thus for both ends of the vortex-tube we have the same value of wc, since we have 
to take ds at the two sections to correspond to the same dé. Along a vortex-tube, 
therefore, wc is constant; and the tube must either be endless or have its ends on the 
free surface of the fluid, if a free surface exist. In both cases it is really endless. 

21. [February 12, 1909.] The equations of acceleration for any two directions 
drawn from the point P are by § 2 

Ou + ou ov IL op 


sia once p ox 


ov. du oV 1 Op 
+g—= -——= 
Gen acu ays 2. | 


(35), 


where dx, dy are infinitesimal steps, and u, v the velocities, in these two directions. 
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For simplicity we take the two directions at right angles to one another. If we 
differentiate the first of these with respect to y and the second with respect to x, and 
subtract the first result from the second, we obtain 


dA dw dw . ,ow 


dw 
— (0) =o —_ i. — 
ai * 6 ar Be He 


ee + me ty es (36), 
where &, 7, C are the components of spin at P about axes perpendicular to the three 
rectangular planes yz, zz, xy; wu, v, w the component velocities at P; and © the 
divergence. Two similar equations hold for €, 1, and can be written down by 
symmetry. 

These equations are equivalent to those given by v. HELMHOLTZ, as generalised 


for the case of a fluid of non-uniform density. By writing 


1 dp 


Os See 
p dt 


the equations can be put in the more usual form, and in another, from the second 
expression on the right of (36). 

Now let ¢ be the resultant spin at P, that is, let the axis of z be taken along the 
direction of spin. Then at P, ==0, and we obtain, writing » for ¢, 

= (+5) . = eT 

But 0u/dx + ov/oy may be regarded as implicitly a function of ¢ which changes in 
value as the particle of fluid followed by the total differentiation moves, and in general 
will have a positive or negative finite value. If we suppose the axis of z to turn so as 
to be always in the direction of the axis of spin, then, generally, we shall have at 
each instant dw/dt=—kw, where k is a finite multiplier. Integrating then for a 


moving element, we obtain 
log w=cer+¢ 
or : : ‘ : (38), 


w= eet 


where 7 is the time interval of integration, and ¢ is a proper mean value of 
—(0u/o+0v/dy) for each successive instant of time, and c’ is a constant. If now 
we suppose that initially » is very small, or zero, c’ must be a very large, or infinite, 
negative constant. Thus », if at first imperceptible, would not, in any finite time, 
acquire a perceptible value. We obtain again, therefore, the theorem of the per- 
manence of the non-vorticity of a portion of a perfect fluid. 

22. Returning now to (36), write in it 


bf ae Or er de 
alae CN! if Te, 


and multiply both sides of (36) by dadydz, and integrate for the space contained 
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within a fixed closed surface. From the first form of the right-hand side of (36) 


we obtain, since 
dé | Oy , a 
=()). 
On fy oy ee 2 


[[ [Saeaude= | [ Can— rea ; : . (39), 


where g, is the normal velocity inwards along the normal at the element dS of the 
enclosing surface, and », is the angular velocity about that normal. If the surface is 
taken large enough to include all the vortices, ¢ and , are zero at every element of the 


C6 dedydz=0 . (40). 
OE 


A similar result is obtained, of course, for each of the other components. The 
volume-integral of the time-rate of change of each component of angular velocity 
of spin has thus the value indicated by the right-hand side of (39), and vanishes for 
any surface enclosing all the vortices. 

If we take the second form of the right-hand side of (36) we get 


Nee Fawdyde= | { equtS - [ [von cos dS — [[[0E+2auk © \aedyie o, (40); 


where 7 is the z-direction cosine of the inward-drawn normal to ds, and ¢ is the 
angle between the directions of g and ¢ at dS. By (40) this gives the equation 


| fe, — nwg cos p)dS = [[[E+e2 af +w 2 \dedyde ; ' (42). 


the result 
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I. INTRODUCTION. 


Since the time when Agassiz and BuckLanp made known the former presence of 
glaciers in the mountain valleys of North Wales, much has been written concerning the 
glaciation of Snowdonia, but comparatively little attention has been given to that of 
Western Carnarvonshire. This part of the country stretches south-westwards as the 
broad promontory of Lleyn between Carnarvon Bay and Cardigan Bay. Western Carnar- 
vonshire for the most part lay outside the paths followed by the native glaciers. None of 
the larger valleys of Snowdonia trend in this direction, and so the marks of recent glacia- 
tion are not so fresh and striking in this region as they are further east. Hitherto no 
one has attempted to give any detailed account of the Drift deposits over the whole of 
Lleyn, but various references to the glaciation of the region are found scattered in the 
literature dealing with the geology of Wales. Among these one of the most interesting 
and most accurate is that in JosHua TrtmmeEr’s Practical Geology and Mineralogy 
(1841), where he writes of the ‘‘ Diluvial Deposits of North Wales” (p. 398). Concerning 
Lleyn he says: “The promontory which divides the bays of Cardigan and Carnarvon is 
covered with diluvial deposits of variable thickness, but frequently exceeding 100 feet. 
They consist of sand, clay, and gravel, changing rapidly from one to the other, through 
which are dispersed broken marine shells, and, amidst much local detritus, fragments 
derived from the north and west. (Granite is rare, but they afford fragments of Antrim 
chalk, often very slightly abraded... . The south-western termination of this 
promontory affords several instances of the accumulation of the transported matter with 
shells, covering masses of angular detritus of the rock immediately subjacent, which 
may be supposed to have accumulated slowly under the atmosphere, after the manner 
of a talus, or to have been collected from the weathered surface of a bare rock by the 
first rush of the diluvial currents.” This extract proves that Trimmer had detected 
the “rock rubble” or “head” which underlies the Drift deposits at the western end 


of the promontory. 
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Sir AnpReEw Ramsay, in his Survey Memoir, ‘The Geology of North Wales” 
(2nd ed., 1881), makes only occasional references to the glaciation of Lleyn. Describing 
the district, he says: ‘‘ Like Anglesey it partly consists of metamorphic rocks, which 
are supposed to be of Cambrian age, and of Lower Silurian strata, through which 
numerous bosses of rock protrude of a syenitic and dioritic character. Some of these 
are of great extent, and in Bwlch-mawr and Moel Penllech, Yr Hifl or The Rivals, Carn 
Bodvean, Mynydd Nevin, Carn Madryn, Mynydd Mynytho, Mynydd-y-Rhiw, and other 
minor heights, they generally rise high above the plain of glacial drift that shrouds so 
much of the country, and thus form the loftiest hills of the district. The stratified 
rocks, indeed, generally lie in ground so low, and, except on coast cliffs, they are mostly 
so obscured by sands and marine boulder clays, that it is difficult to make out the 
details of this stratification” (p. 206). Again he states (p. 221) that “from the heights 
of Yr Eifl the promontory of Lleyn, but for the chain of Puys, looks like a mere plain.” 
He mentions “‘an angular breccia of post-Tertiary date resting on the slaty strata” at 
Porth Ceiriad and underlying the Drift deposits (p. 208). Beds of angular breccia are 
also noted as occurring in Aberdaron Bay (p. 211). With regard to Bardsey Island he 
observes that “like the mainland the country has been moulded by ice during the Glacial 
period, but the mammillated roches moutonnées have since been roughened by weather” 
(p. 212). He describes the ice-sheet which overspread Anglesey as continuing “its 
onward course to some unknown distance, for on the ice-ground rocks above the sea- 
cliff of Trwyn-y-tal, a mile north of the seaward flank of Yr Eifl, well-marked striations 
are seen pointing towards the Straits 43° north of east” (p. 273). 

In Ramsay’s Physical Geology and Geography of Great Britain (6th ed., 1894, 
p. 246), mention is made of the occurrence of shell-bearing deposits in the district of 
Lleyn. It is also stated (p. 248) that “at various levels on the low ground between 
Carnarvon and Criccieth there are extensive deposits of sand and gravel, well stratified, 
and much resembling those of Moel ‘l'ryfan, but apparently without shells.” These 
are overlain by boulder beds. He held the view that there had been two epochs of 
glaciation in Wales separated by an epoch of submergence during which the land was 
drowned to a depth of 1400 feet or more. 

Mr Carvityt Lewis in The Glacial Geology of Great Britain and Ireland, 1894 
(p. 355), states that ‘‘ deep till, with many large boulders, covers the land, and makes the 
moorland extending from Afonwen to Carnarvon.” He also noted the peat at Ynys and 
Pant-glas and the “hills of till” at Brynkir; the ‘“ very large beds of coarsely stratified 
drift, full of large boulders and knob-like in shape,” occurring near Penygroes. ‘ All this,” 
he concludes, “ probably belongs to the great ice-sheet, not to the Welsh glaciers.” He 
gives a Glacial Map of England and Wales in which the margin of the northern ice is 
depicted as reaching North-Western Lleyn but leaving the southern part of the pro- 
montory free. In common with many other geologists, Mr CarviLtt Lewis denied that 
the so-called “ Intermediate Sands and Gravels” indicate a submergence of 1400 feet. 
He regarded the high-level shell-bearing sands, such as those of Moel Tryfan, simply as 
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rearranged material derived from the bottom moraine of an ice-sheet which reached 
this elevation. 

Mr T. Metiarp Reanbsg, in a paper on “The Drift Beds of the Moel Tryfan Area of 
the North Wales Coast,” * describes the coast sections from Dinas Dinlle to Nevin and 
also some sections inland. He favours the view that the sands and gravels are marine, 
and that they indicate a submergence of this area in Glacial times to at least 1400 feet. 

The base of the Lleyn promontory lies just outside the mountains of Snowdonia, and 
has a breadth of about 5 miles. South-westwards the breadth varies from 3 to 5 miles, 
becoming reduced to about a mile at the extreme end. None of the great valleys of 
Snowdonia trend towards Lleyn. The stratified rocks of this district are chiefly of 
Lower Silurian (Ordovician) age, and through these protrude a number of igneous masses 
which form an interrupted chain of hills along the whole extent of the promontory. 
Hard grits and shales of Cambrian age constitute the high ground between Porth 
Nigel and St Tudwal’s Road, and metamorphosed rocks which are now regarded as _pre- 
Cambrian extend from Porth-dinlleyn to the end of the promontory and form the Isle 
of Bardsey. These metamorphic rocks rise to heights of 500 feet at the extreme end of 
Lleyn. The lower parts of the district are covered by a mantle of Drift, and if this were 
entirely removed considerable parts of Lleyn would probably be submerged. 


II. Tae Coast SEctTIONs. 


The following account of the superficial deposits begins with the sections at Dinas 
Dinlle and the coast is followed south-westward to the end of Lleyn and thence 
eastwards on the south side of the promontory to Criccieth. 

From Dinas Dinlle south-westwards as far as Gwydir Bay the coast-line is for the 
greater part bounded by cliffs of varying heights which are described on the Geological 
Survey Map (1 inch to the mile) as consisting of stratified clay, sand, and gravel. The 
bed-rock is not seen anywhere along this stretch of coast. 

To the north of Dinas the coast is flat, consisting of alluvial land which extends 
towards the entrance of the Menai Straits. The character of this flat area is shown by 
a boring recently made for water a few yards behind the hotel at Dinas. Eighteen feet of 
grey sand were passed through, in which the shells of Cardium edule were abundant, 
as well as the shells of Scrobicularia piperata, with the two valves often still in apposi- 
tion. This sand is evidently a recent marine deposit. Below the sand a very tough 
bluish-grey boulder clay was reached, and this extends to an unknown depth. 

Dinas Dinile.—Vhis is a dome-shaped mound surmounted by an ancient encamp- 
ment. One side of the mound is being cut away by the sea, so that good sections, 
which have been described by Mr T. Mrtiarp Reapsg,t are exposed. The cliff varies 
in height up to a maximum of about 100 feet. 


* Proc. Liverpool Geol. Soc., vol. vii. (18938), p. 36. 
+ Ibid., p. 42. 
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The following succession can be traced in the deposits :— 


4, Soil and Blown Sand. 

3. Upper Stony Clay. 

2. Sands and Gravels. 

1. Lower greyish-blue or purple Boulder Clay. 


The Upper Stony Clay and the Sands and Gravels form almost the entire cliff. The 
Lower Boulder Clay only appears at the base of the cliff at one or two places. This 
Boulder Clay is very tough and homogeneous, being comparatively stoneless. On the 
surface it has a somewhat reddish or purple hue, but when dug into it has more of a 
dark greyish-blue colour. It can at times be traced underneath the pebbly foreshore. 

The Sands and Gravels in this mound generally show distinct bedding, and the beds 
are arched in a curious way and pass under the Upper Stony Till) The gravels and 
sands contain many flakes and fragments of slate and shale. There are some well- 
marked beds of bigger water-worn boulders. The sands vary from very fine yellow to 
coarse grey. The Upper Stony Clay is a true boulder clay, greyish in colour where 
unweathered, but becoming yellowish and friable on weathering. The included boulders 
are of varying sizes, and are scattered irregularly throughout the mass. Many of them 
show well-striated faces. All are subangular or more or less rounded in form and con- 
sist mostly of Welsh rocks, especially greenstones. The large boulders lying on the 
beach below have evidently been derived to a great extent from this Upper Till. In 
places the till tends to become a mass of boulders or coarse gravel. Shells, in a very 
fragmentary condition, occur rarely in the Upper Clay. The only form recognised was a 
Turritella, Chalk-flints are readily detected. Among other erratics found were the 
Ailsa Craig micro-granite, the Goat-Fell (Arran) granite, Dalbeattie granite, schistose 
and serpentinous rocks, possibly from Anglesey, and a reddish felspar porphyry which 
may have come from no great distance. 

The Dinas Dinlle mound is separated by a low cliff consisting entirely of the Upper 
Till from another mound which occurs a few hundred yards further south in which the 
cliff sections attain heights of 40 to 50 feet. Here the entire cliff is made up of boulder 
gravel showing but little trace of stratification. Opposite the centre of the mound the 
matrix is sandy or gravelly, but towards the two ends it becomes more clayey in 
nature. | 

A diagrammatic section of the mound of Dinas Dinlle is given (fig. 1). 

For about 25 miles to the south-west of the sections just described the coast 
is fringed by lowlands, and the sea has thrown up a ridge of shingle just above the 
high-water line. There have been considerable changes along this part of the coast within 
recent times, for half a mile out to sea are found submerged the remains of an ancient 
camp known as Caer-Arianrod, which figures in some of the traditional Welsh stories 
—the Mabinogion. Cliffs formed by Drift deposits begin to appear again at Point Maen 
Dulan. At first the cliff is low, but it gradually rises, reaching a height of about 80 feet 
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half a mile to the north of Clynnog. It is only here and there that good clean ex- 
posures are displayed. Often the cliff face is obscured by slipping or by overgrowth. 
Good exposures are seen just to the north of Clynnog, and again opposite the village. 
These show that the entire cliff in this region is made up of a greyish till weathering 
yellow, and full of boulders of all sizes. The till encloses lenticular patches of rather 
fine gravel. ‘The deposit is unstratified, but the boulders often become more numerous 
towards the top. The beach below is strewn with big boulders which have fallen from 
the cliff. Shell-fragments occur rarely, but those obtained were too fragmentary for 
identification. 

This Stony Clay represents the Upper Boulder Clay, and is here of unknown thickness, 
for the bottom is not reached in the sections. Far-travelled boulders are not uncommon, 
and the following were obtained from the cliff near Clynnog :—A foliated granite identical 
with that forming the eastern margin of the Criffel mass in the south-west of Scotland, 
Dalbeattie granite, the Goat-Fell granite of Arran, the Mull of Galloway granite, chalk- 
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Fic. 1.—Diagram of the Cliff Section at Dinas Dinlle. 


flints, Carboniferous Limestone showing crinoid stems, and various schistose and serpen- 
tinous rocks which are probably derived from Anglesey. 

To the south-west of Clynnog the cliffs are again much grassed over or obscured by 
talus. The heights vary up to 80 or 90 feet. Where best seen the section shows— 


2. Upper Stony Clay—10 to 12 feet. 
1. Gravels, bedded in places—60 to 70 feet. 


The bottom of the Gravels is not reached in the section. A little further west fine 
brownish sand is seen mingled with the gravelly material, which is also finer here. 

At Aberafon, on the left side of the stream, near its mouth, the cliff is over 100 feet 
high. It is mostly grassed over, but at one place it can be seen to consist of well- 
stratified sands and fine gravel. There are some gritty beds, but the finer sands are 
stoneless. In the sands occur pieces of a carbonaceous material resembling coal. 
Above the gravels and sands and forming the top of the cliff is a clay full of boulders 
and rounded stones. Mr Metiarp RuapE* states that he saw a red clay at the base of 
the cliff underlying the Sands and Gravels. This was not exposed when the writer 
visited the spot, probably owing to the slipping of material from above and to over- 
growth. In the gravels of this cliff a pebble of the Ailsa Craig micro-granite was 
found. 

* Proc. Liverpool Geol. Soc., vol. vii. (1893), p. 43. 
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Just west of Aberafon the cliff face is again somewhat hidden by overgrowth. But 
it can be seen to be formed of laminated stoneless sands and gravel, with some of the 
Upper Stony Clay on top. Immediately north-east of the wooden pier the cliff attains 
a height of about 90 feet. The upper 20 or 30 feet are made up of the Stony yellowish 
Clay, and the rest of the cliff of very fine stoneless sands. As traced laterally the stone- 
less sands in this upper part tend to pass into gravels and boulder gravel—the sands 
still forming the lower part of the cliff down to its base. 

Along the whole stretch of coast from Point Maen Dulan to the wooden pier at the 
north-east end of Gwydir Bay the stiff bluish-grey Lower Boulder Clay was not seen. 
But in Gwydir Bay, just south-west of the pier, the Lower Boulder Clay appears again 
at the base of the cliff. It is very tough and homogeneous, and its dark bluish-grey 
colour is strongly contrasted in certain lights with the light-coloured yellow deposits 
above. It is exposed all along this bay, and, on account of its unctuous nature has 
been the cause of much land-slipping, resulting in the formation of a sort of under-cliff. 
This under-cliff is 10 to 15 feet in height, and above it is a gentle slope much grassed 
over. At the east end of the bay the Lower Boulder Clay is seen to be overlaid by 
gravelly material and this again by the Upper Till How much of the Lower Boulder 
Clay lies under the grassed slope it is difficult to ascertain. The base of this clay is not 
reached in the cliff sections; indeed, the foreshore is underlaid by this tough sticky 
clay, from which the remains of sedges or reeds are often seen protruding. Shell-frag- 
ments occur sparingly in the Lower Boulder Clay, but they were too small for identifica- 
tion. Boulders of Carboniferous Limestone, beautifully glaciated, occur plentifully in 
the Lower Boulder Clay, chalk-flints are not uncommon, and porphyrites from the 
Dalbeattie area were obtained. 

To the west of Gwydir Bay the coast is rock-bound. The cliffs of Trwyn-y-tal are 
composed of sedimentary rocks of Lower Silurian (Ordovician) age. Considerable 
erosion has gone on since the Glacial period. There are no traces of a raised 
beach platform, but the almost perpendicular post-glacial cliffs are truncated above 
by a rounded slope very similar to that described by Messrs Wricut and Murr 
on the south coast of Ireland.* Along this part of the coast, as on the south of 
Ireland, the slope above can be seen to be continued on stacks now separated from 
the mainland. 

To the south-west of Trwyn-y-tal there is a remarkable small dry valley which 
opens seawards above the cliff. It evidently marks an old overflow channel. Some 
drift is seen here in the cliffs, but the Lower Boulder Clay appears to be absent. 

Passing south, the coast is bound by the igneous mass of Yr Hifl (The Rivals), and 
other igneous rocks of a similar nature form headlands to within a mile of Nevin. But 
at Porth-y-nant small bays have been eroded in the softer sedimentary rocks which reach 
the coast between the harder igneous masses. In these bays Drift deposits occur and 
form the cliffs, but the exposures are not good. At the north-eastern end of Porth-y- 


* Scientific Proc. Royal Dublin Soc., vol. x. (N.S.), part ii., 1904, p. 296. 


THE GLACIAL DEPOSITS OF WESTERN CARNARVONSHIRE. 23 


nant the stiff bluish-grey Lower Boulder Clay is exposed, in which shell-fragments can 
be seen. It forms the lower part of the cliff for about 10 feet above the modern 
beach. This Boulder Clay is followed above -by sands and gravels up to a height of 
about 70 feet. 

Again, to the south-west of Careg-y-llam, opposite Pistyll Church, deposits of a 
similar nature occur, but the cliffs are much grassed over. As seen from a distance, 
these Drift deposits form a well-marked terrace with a somewhat flattened top, border- 
ing the higher land. 

The cliffs of Porth Nevin and Porth-dinlleyn are described on the Geological 
Survey Map (1 inch to the mile) as being composed of sand and boulder clay. Both 
bays have a horseshoe or crescentic shape and open out to the north. They are ex- 
cavated for the most part in Drift deposits overlying green quartzose and chloritic schists, 
but the north-east end of Nevin Bay is carved out of the Lower Silurian (Ordovician) 
sedimentary rocks. As seen from a distance, the cliffs seem to be bounded above by a 
terrace which extends inland to the base of the hills with a very even surface. Along 
the greater part of this north-west coast the superficial deposits have this remarkable 
flat-topped aspect. 

The smaller bay at Porth Nevin has an extent of about a mile. The cliff attains 
heights of over 100 feet, but the sections are much obscured by talus formed of debris 
which has slipped from above, and the cliff face is often grassed over. The cliff for 
the greater part of its length is made up entirely of sands, gravels, and laminated 
silty clays. At the two extremities of the bay the bed-rock is seen at the base, 
and here the sands and gravels rest immediately on the solid rock. Where, as opposite 
the middle of the bay, the sections are deeper and the bottom of the Drift deposits not 
seen, the typical stiff dark greyish-blue Lower Boulder Clay appears underneath the sands 
and gravels. This clay contains shell-fragments. Many of the included boulders, 
amongst which the commonest consist of Carboniferous Limestone, are remarkably well 
glaciated. 

Where the bed-rock is visible, the sands and gravels are at some places seen to be 
separated from it by broken-up or shattered rock material, a foot or more deep. 
Fragments of marine shells are plentiful in the sands, but these are generally too 
imperfect for identification. This shelly sand is often stoneless, but at places it 
includes irregular masses, pockets, and seams of coarser gravelly material. Sometimes 
the gravel is so coarse that it would be more accurately described as a boulder gravel, 
and this occasionally swells out to form considerable portions of the cliff. The sands 
are stratified, the gravels sometimes show bedding, but occasionally are tumultuous, 
showing no definite arrangement. Contortions can here and there be observed in the 
sandy beds. 

Above the sands and gravels are buff-coloured laminated silty clays free from stones. 
These at places form the upper part of the cliff, but elsewhere in the same bay the cliff is 
capped by gravel or by a brownish-yellow weathered clayey rubble. 
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The general succession of the Drift deposits in this bay is therefore as follows :— 


5. Soil. 

4. Yellowish-brown weathered rubbly clay often becoming pebbly or passing into a 
mass of boulders. 

3. Stoneless laminated silty clay. 

2. Sands and Gravels. 


1. Lower Boulder Clay. 


The silty clay (3) shows fine laminations which are arranged in ribands of lighter 
and darker colours, giving a striped or banded appearance as seen from the shore. The 
bands are sometimes wavy, and examples of faulting occur as described by Mr MELLarp 
Reape,” and ascribed by him to contraction and loss of volume, either by actual drying 
or by the draining away of their water. 

At the north-east end of the bay the upper part of the cliff consists of Rubble Drift. 
The lower part is grassed over, but appears to be sandy and gravelly. 

Penrhyn Nevin, the promontory separating this bay from Porth-dinlleyn, has rock at 
the base and Drift deposits above. Ice-scratches running N.N.E. to 8.8.W. are seen on 
the rocky platform. This platform runs at a height of 10 to 12 feet above the modern 
beach, and is now much cut into, being in process of demolition by the waves. In 
appearance it simulates an old shore platform. It is often clear of drift for 7 to 8 yards 
from its seaward margin, and has a gentle slope outwards. Portions of it can be traced 
on both sides of the promontory as well as round its point. Where the rock-shelf passes 
under the cliff of Drift it has often a hummocky and glaciated aspect, in striking contrast 
to the rough and jagged appearance shown by the rocks on the shore below. On the 
Nevin side of the promontory the Sands and Gravels are, as already mentioned, sometimes 
separated from the platform by a foot or so of rock rubble. On the Porth-dinlleyn side 
clays, somewhat laminated, rest on the rock and are followed above by sand and gravel. 

Porth-dinlleyn lies to the south-west of Porth Nevin. ‘his bay is wider than that 
at Nevin, having an extent of about 2 miles. Its western horn is formed by a mass 
of coarse serpentinous rock. The cliff has a very uniform height of about 100 feet. 
Its face is much grassed over, so that good sections are not often displayed. The deposits 
are very similar to those met with in Porth Nevin. They consist largely of stoneless 
sands and gravels capped by the Upper Stony Clay. At the north-east end of the bay 
stoneless, stiffish laminated clays form the lower part of the cliff. Nearer the middle of 
the bay these are seen to pass downwards into the typical tough Lower Boulder Clay. 
At a point just east of the middle a ledge of rock appears from under the Drift. The 
surface of this has a glaciated appearance. Beyond the ledge the Lower Boulder Clay 
appears at the base of the cliff with big boulders imbedded in its upper part. A little 
further west, beds of gravel come down to the bottom of the cliff face, and are followed 
above by stoneless sands. The upper portion of the cliff is here hidden by overgrowth. 


* (feol. Mag., 1891, p. 487. 
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In the stoneless sands pockets of gravel occur. ‘The sands and the finer gravels show 
beautiful examples of oblique bedding. These false-bedded sands and gravels can be 
traced for some distance in the lower part of the cliff. The sands are very fine and marine- 
like, and apparently form the greater part of the cliff’ Just before reaching the road that 
comes down to the beach the Lower Boulder Clay is again seen at the base. West of 
the road the cliff is still obscured by vegetation, but appears to be made up mostly of 
sand. At this part of the bay there has been much sliding over the unctuous Lower 
Boulder Clay, giving rise to an under-cliff. The under-cliff is made up of the lower stiff 
clay, and above it the cliff slopes away and is grassed over. The upper part consists of 
yellowish sandy clay full of small boulders. The Lower Boulder Clay is here very dark 
in colour, and presents a striking contrast to all the deposits above. 

Promontory of Porth-dinlleyn.—A rocky shelf can be seen on the eastern side 
appearing from under the Drift. It has a glaciated aspect where the deposits have 
been recently cleared away. The shelf or platform is well seen just before reaching 
the lifeboat house. At its inner (landward) end it is 15 feet above the modern beach 
and slopes gently seawards. The sea is gradually eating into and destroying it. Just 
beyond the lifeboat house the serpentinous rock shows distinct marks of glaciation— 
the grooves and scratches running approximately N.E. and S.W. Near the extremity 
of the promontory, north-east of the flag-staff, at a height of 25 feet above Ordnance 
datum, the rock is beautifully glaciated, showing deep and broad furrows and ice- 
scratchings running about N.H. and 8.W. ‘These are the finest glacial markings noted 
by the writer in Lleyn. 

The following far-travelled boulders were found in the Gravel and Sand series at 
Porth Nevin and Porth-dinlleyn :— 

Several granites from the Dalbeattie area; a granite with reddish idiomorphic 
felspars much resembling the Shap granite; the Ailsa Craig micro-granite. The shell- 
fragments in the sands were, as a rule, too broken and minute to be identified, but the 
following forms were obtained :—-Turritella communs (Lam.), Nucula nucleus (L.), 
Pecten (Chlamys) islandicus ? (Mill), Astarte sulcata (Da Costa), Cyprina islandica 
(L.), Cardium edule (L.). 

On the west side of the promontory lies the little bay which bears the name of 
Porth Wen. Here the Drift is again exposed in sections which are 40 to 50 feet high. 
The stiff bluish-grey Lower Boulder Clay forms the base of the cliff, and is succeeded 
above by fine yellow marine-like sands and some gravel. 

From this bay to Porth-ysgadan the coast is rock-bound. Some Drift caps the rocky 
cliffs and is usually overgrown with grass. 

Porth-ysgadan.—¥airly good sections of the Drift deposits are seen at this place. 
Opposite the middle of the bay the typical Lower Boulder Clay with included shell- 
fragments forms the lower part of the cliff, and the bottom of this deposit is not 
reached in the section. Above, the face of the cliff slopes away and is grassed over, 


but there are indications that sand overlies the Boulder Clay. The upper part consists of 
TRANS. ROY. SOC. EDIN., VOL. XLVII. PART I. (NO. 2). 4 
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yellowish weathered clay becoming sandy in places. At the two ends of the bay the cliffs 
are rocky, though sand is seen resting above on the rock surface at some places, while at 
others the rock is covered by fine rubbly material with yellowish weathered clay above. 

Samples of granites from the Dalbeattie area were picked up on the beach below. 
These had undoubtedly come from the Drift in the cliff above. 

Amongst the shells included in the Lower Boulder Clay the following were recog- 
nised :—Purpura lapillus (L.), Astarte sulcata (Da Costa), Astarte (Nicania) compressa 
(Mort.), Cyprina islandica ? (L.), Corbula gibba (Olivi). 

All along this part of the coast the rock surfaces when visible have a mammillated 
and smoothed appearance where they pass under the Drift deposits. 

Immediately to the south-west of Porth-ysgadan lies a small bay opening westwards 
to the sea, which appears to be nameless. The two arms of the bay are rocky, with 
grassy slopes above. Midway between the arms the Drift comes down to the beach in 
such a way as to suggest that we have here the buried channel of an old stream, or what 
was once an inlet of the sea. The cliff of Drift reaches a height of about 50 feet. It seems 
to consist entirely of the Lower Boulder Clay in which shell-fragments are again common. 
Towards the surface the clay is weathered and yellowish in colour, but there is no 
reason for separating this from the Lower Boulder Clay. Where, asin this bay, the Sands 
and Gravels are wanting, it is sometimes dithcult to know whether the yellow clay 
which usually forms the upper part of the cliff is the weathered portion of the Lower 
Clay or the representative of the Upper Boulder Clay. Where typically developed, 
however, the Upper Boulder Clay is less homogeneous, somewhat more sandy, and contains 
more boulders than the Lower Boulder Clay. 

In this small bay, at the two sides, the Lower Boulder Clay appears to be separated 
from the bed-rock by a little rock rubble. 

Porth-y-gwylan lies half a mile further to the south-west and opens westwards. 
It is separated on the north side from the open sea by a ridge or projection of bare rock 
running more or less parallel with the coast-line. The other or mainland side of the 
bay is also rocky in character. Between these rocky sides a mass of Drift forms the 
entire cliff and rests immediately on the modern beach, and it is out of this material 
that the bay is still being eroded. The Drift consists of tough bluish-grey Boulder Clay 
at the base, with included shell-fragments, followed above by a boulder gravel with a 
somewhat clayey matrix, and this in turn is succeeded by a yellowish clay. So we have 
here :— 

3. Yellowish weathered Upper Boulder Clay. 
2. Boulder Gravel. 


1. Lower Boulder Clay. 


These deposits appear to have filled up what was either the channel of a stream 
or a narrow inlet of the sea. At the present day a small stream is seen on the 
north-east side of this Drift-filled depression which is cutting out for itself a new channel 
in the solid rock and coming down to the beach in a waterfall to escape to sea by a 
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recently eroded channel at the base of the rocky ridge which bounds the bay on its sea- 
ward side. 

Following the coast-line south-westwards we come next to Porth Uchain, a very 
small inlet with rocky cliffs at the sides attaining a height of about 40 feet and capped 
by yellowish weathered clay. Opposite the middle of the bay the Lower Boulder Clay 
appears and forms the lower part of the cliff; above the clay there is a slope which is 
grassed over. 

From this point to the next bay—Porth Colman—the cliffs are rocky and have a 
steep slope to the sea. The bay which follows is broad, and the northern portion of it 
is sometimes known as Porth Penllech. Here the cliff attains heights of 30 to 40 feet. 
In places the lower part of the cliff is rocky, but at one spot rather stiff dark grey 
boulder clay with many included stones is seen. This becomes yellowish and friable 
where weathered. It probably represents the Upper Boulder Clay, for a little further on 
it is seen to overlie gravel and boulder gravel. 

The remaining portion of the bay is usually called Porth Colman. At its southern 
end the base of the cliff is formed by rock an situ for heights varying up to 18 or 20 
feet. Along a part of this shore a rock-shelf or platform is seen, reminding one again 
of the raised shore platform described by Messrs Wricut and Murr as occurring on 
the south coast of Ireland (fig. 2). The platform lies 10 or 12 feet above the modern 
beach and slopes gently upwards to about 15 feet, where it disappears under the Drift 
deposits. It has an exposed breadth of 6 yards or so in places. The surface of the 
platform is covered with lichens or partly grassed over. At its inner end it is covered 
by bluish-grey Boulder Clay containing shell-fragments. This is succeeded above by 
the Upper Yellowish Stony Clay. As we pass towards the middle of the bay the plat- 
form disappears and the cliffs show steep rocky faces with a capping of Drift forming a 
gentle slope landwards. Near the middle of the bay is a remarkable little inlet with 
steep cafion-like sides from which a small stream issues. A few yards up this inlet 
the stream is seen to descend by a waterfall over rock to the level of the beach. 

The following erratics were obtained from the Boulder Clay at Porth Colman :— 
Several granite boulders from the Dalbeattie area; a diorite very similar to that of 
Colvend, Dalbeattie ; boulders of hornblende porphyrites, probably from the Dalbeattie 
area, and chalk-flints. 

The following species were identified from amongst the shell-remains found in the 
Boulder Clay at Porth Colman:—Turritella communis (Lam.), Astarte sulcata (Da 
Costa), Cyprina islandica (L.), Venus (Ventricola) Casina (L.), Cardiwm echinatum (L.). 

Around Penrhyn Colman the coast is rocky, and at Porth-llefesig the rocky cliffs 
reach heights of 50 to 60 feet. Above the rock lies a grassy slope of Drift. At the 
northern end of the bay boulder gravel lies immediately above the rocky cliff, and this 
is capped by stiff clay rather full of boulders and weathering yellow near the surface. 
This clay contains some shell-fragments, but the only one which could be identified was 
Astarte sulcata, 
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Porth Whaiting.—For the greater part of its extent the cliffs are rocky, but about 
the middle of the bay rock rubble is seen forming the base of the cliff where rock in 
situ is wanting. Above the rubble is a slope of grass which covers what appears to be 
a clay weathering yellow. At the south-western horn of this bay ice-scratches with a 
N.E. to 8. W. direction were noted on the rock surface just where it disappears under 
the Drift. Between Porth Whiting and Porth Ferin some well-glaciated rock surfaces 
are displayed, the vertical face of the rock being sometimes grooved and polished in a 
direction parallel to the shore-line. Above the rock, fine yellow sand is at places 
exposed from under the grassy slope, and this is overlaid by greyish Boulder Clay 
weathering yellow. Further south this stiff Boulder Clay rests immediately on the rock 
surface, and is even sometimes overlaid by yellow marine-like sand. So it may repre- 
sent the Lower Boulder Clay. 

At Porth Ferin an artificial cutting has been made through the rock at the top of the 
cliff, Stiff dark blue boulder clay, which is apparently the Lower Boulder Clay, is seen 
overlying the rock. It is comparatively stoneless, though some well-glaciated boulders 
were found in it. 

No sections of the Drift are again seen until we come to Porth Oer. At the north- 
east end of this bay is solid rock, and on this, at a height of 15 to 18 feet, are beds of 
sand and gravel more or less conereted and much resembling raised-beach material. 
Just south of this a roadway runs down to the beach, and on the southern side of it the 
rocky side of the bay slopes down to the beach and is followed by rock rubble or 
‘“‘Head” which in turn is seen to pass under typical dark greyish-blue Boulder Clay. 
This is in all probability the Lower Boulder Clay, and it forms the entire cliff opposite 
the middle of the bay to a height approaching 100 feet. Included in this clay are 
irregular masses of marine-like sand and here and there a little gravel. Shell-fragments 
occur in the Boulder Clay, and the following forms were obtained and identified :— 
Pectunculus glycimeris (L.), Astarte sulcata (Da Costa), Cyprina islandica (L.), Turri- 
tella communis (L.). 

At the south-west horn of the bay a bench of rock is again seen 10 to 15 feet above 
the modern beach. It is much like that seen at Porth Colman, and suggests the possi- 
bility of the presence of an old shore platform here. Stiff bluish-grey clay (Lower 
Boulder Clay) rests on it, but at places the clay is separated from the rock by coarse 
rubbly material about a foot deep. 

No exposures of Drift deposits are seen from Porth Oer to the end of the promontory 
of Lleyn. The coast is rock-bound with a steep slope, the greater part of which is 
grassed over. 

Lying to the south-west of the mainland and at a distance of 24 miles from it is the 
Isle of Bardsey. It is composed entirely of metamorphosed rocks, probably of pre- 
Cambrian age. The island has an extreme length of about 1} miles, and its greatest 
breadth is three-quarters ofa mile. The highest portion of the isle lies in the north-east, 
facing the mainland. ‘There, from an elevation of about 500 feet, the land slopes away 
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steeply to Bardsey Sound. The south-west side of the island consists of lowland rising 
gently towards the higher ground. ‘This lowland is covered by a skin of Drift. The 
whole island has the appearance of having been moulded by ice during the Glacial period, 
but, as Ramsay observes,* ‘‘the mammillated roches moutonnées have since been 
roughened by weather.” The island as a whole may be regarded as an example of the 
phenomenon known as “crag and tail,” the crag facing the north-east, from which direc- 
tion the ice-sheet came. 

At Porth Solfach, on the island, the low cliff is composed of yellowish-brown clay 
showing a depth of 6 to 7 feet. Though weathered near the surface, the clay gets 
stiffer below. Bits of shells in the clay were too fragmentary for identification. 
Amongst the included boulders were found chalk-tints, the Ailsa Craig micro-granite, 
Dalbeattie granite, a picrite, a lava closely resembling that of Borrowdale in Cumberland, 
Millstone Grit, Carboniferous Limestone showing crinoid stems. Some of the boulders, 
especially those of the limestone, were well glaciated. 

Again at Henllyn beach, in Bardsey, pebbles were picked up of Carboniferous Lime- 
stone, chalk-flints, and of a reddish-streaked rhyolite. These were probably derived 
from the Drift of the low cliff adjoining. 

Returning to the mainland, the coast is rocky as far as Aberdaron, but the cliffs are 
interrupted by an inlet at Porth Mendwy, where a stream comes down to the sea. Some 
river-like gravels and sands are seen at the sides of this inlet. 

At Porth Pistyll, 14 miles to the south-west of Aberdaron, the cliff is steep 
and rocky, but above, at a height of about 100 feet, bluish-grey boulder clay of ex- 
cessive toughness was noted—the deposit attaiming a thickness of 4 to 5 feet. 
The exposure is a very small one. This stiff clay is capped by weathered yellowish 
rubbly clay. 

Aberdaron Bay.—Situated on the southern side of the extremity of Lleyn, this bay 
is excavated in beds of Bala age let down by faults into the hard schistose rocks of pre- 
Cambrian age which bound them on either side. ‘The sides of the bay are rock-bound, 
but the cliff between the two arms consists entirely of Drift deposits and is described on 
the Geological Survey Map (1 inch to the mile) as composed of sand, clay, and gravel. 
The bay is over a mile broad, but the cliff is interrupted opposite the village where a 
stream debouches. The height reached by the cliff varies considerably up to elevations 
of over 100 feet. At the south-western end of the bay the rocky cliff descends with a 
steep slope to the beach and is followed by rough rock rubble or “ Head.” This 
“Head” is overlain by more rubbly material mingled with Boulder Clay, the matrix, 
however, becoming sandy or gritty in places. To the west of the wooden pier the 
“ Head” is well defined for 8 or 10 feet from the base of the cliff. It dips eastwards at 
a high angle and disappears under the beach level. The material above this well-defined 
“Head” is still rubbly, with big angular boulders of the neighbouring rock, but it 
becomes more and more clayey as it is traced up the cliff face, and the included boulders 


* Survey Memoir, “The Geology of North Wales,” 2nd ed., 1881, p. 212. 
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tend to become smaller and less angular. The material forming the upper part of the 
cliff at this place is very similar to the Upper Boulder Clay which is seen at other parts 
of the coast. 

Between the pier and the village the cliff is over 100 feet in height and shows steep 
faces. It appears to be made up almost entirely of the Lower Boulder Clay, which 
shows the usual characteristics and in which shell-fragments are common. ‘The face of 
the cliff is furrowed by running water, and at the top the weathering gives rise to 
pinnacles. ‘Traces of lamination are seen here and there, and masses of fine yellowish 
marine-like sands occur as inclusions in the otherwise stiff homogeneous clay. 
One of these irregular masses of sand reminds one of the great inclusion of chalk seen 
in the cliff sections of the Boulder Clay in the neighbourhood of Cromer. Gravelly 
patches also occur but are less common. 

To the north-east of the village the cliffs show deposits of a more varied character, 
but a careful examination has led the writer to conclude that the whole belongs to the 
horizon of the Lower Boulder Clay. The greater part of the cliff, which attains heights 
of about 100 feet, consists of the typical Lower Boulder Clay. This invariably forms 
the higher portion of the cliff, and weathers into pinnacles with steep sides. Lower 
down and towards the bottom of the cliff the deposit becomes more of a boulder gravel 
or gravel and sand. Midway between the village and the eastern end of the bay the 
section is as follows :— 


5. Stiff greyish-blue Boulder Clay, comparatively stoneless, and containing shell- 
fragments—40 to 50 feet. 

. Boulder Gravel—10 feet. 

. Dark band of stiff clay —2 feet. 

. A talus slope probably covering sand and fine gravel—10 feet. 

. Stiff grey Boulder Clay—2 feet. The bottom of this is not reached in the 
section. 


Fe wow 


From a little distance the boulder gravels and sands can be traced as beds running 
across the face of the cliff. The gravel beds appear to form gentle undulations as 
shown in the diagram (fig. 8). Further east slipping has taken place, due to the 
presence of sand in the clay, and there is a tendency to form an under-cliff. At the 
extreme east end there is a fine example of ‘“‘ Head,” lying between the Boulder Clay 
and the solid rock. ‘The ‘ Head” consists of angular and flaky fragments showing rude 
bedding, and these fragments are derived from the neighbouring rocks. The section at 
this place is shown diagrammatically in the following figure (fig. 4) :— 

A cave has been excavated in the rubbly material by the waves. ‘The Boulder Clay 
overlying the “ Head ” contains pockets of boulder gravel. 

Imbedded in the beach at this end of the bay just under the rock cliff is a big 
boulder measuring 66 inches by 24 inches. It is a granite with large idiomorphic 
reddish felspars and closely resembles Shap granite. The felspar is orthoclase; one 
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of the crystals measured 24 inches in length. Several pebbles of the Ailsa Craig rock 
were also picked up on the beach. 


a—a. Boulder gravel bed. 


b, Laminated clay. Length of section about 450 feet. 
ce, Tough boulder clay weathering into pinnacles. 


Fia. 3.—Diagrammatic Section of the Cliff Hast of Aberdaron. 


Among the included stones picked out of the Boulder Clay were chalk-flints, the 
Ailsa Craig micro-granite, granite from the Dalbeattie area, the Goat-Fell granite of 
Arran, and the Loch Dee granite of the south-west of Scotland. In addition to these 
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Fic. 4.—Section (diagrammatic) East End of Aberdaron Bay. 


there were boulders of Carboniferous Limestone, probably from Anglesey, of a reddish- 
streaked rhyolite, of jasper, and serpentine. 


Amongst the shell-fragments obtained the following have been recognised :— 


GASTEROPODA. | LAMELLIBRANCHIA, 
Turritella communis, Lam. Pectunculus glycimeris, L. 
Buccinum undatum, L. | Mytilus edulis, L. 
Trophon (Boreotrophon) clathratus, L. Astarte sulcata, Da Costa. 
Bela turricula. Astarte (Nicania) compressa, Mont. 


Cyprina islandica, L. 

Tellina (Macoma) balthica, L. 
| Cardium echinatum, L. 
| Cardium edule, L. 
| Mya truncata, L. 


A portion of a Belemnite was also found in the Boulder Clay. 
Porth Cadlan ( Ysgo).—The Lower Boulder Clay is not exposed in this bay. About 
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midway between its two sides a slope of Drift is seen reaching heights approaching 100 
feet. It consists of yellowish weathered clay with large boulders, and contains some 
shell-fragments. Pebbly and sandy layers are seen here and there. At the sides of 
the bay this Drift is separated from the solid rock by angular rubble or “ Head.” Some 
of the big boulders in the cliff are well glaciated, and the beach below is strewn with 
blocks derived from above. 

Porth Nigel or Hell’s Mouth.—Situated on the southern side of the Lleyn promon- 
tory, this bay opens out to the south-west. Its south-eastern side is bounded by the 
high ground of Mynydd Cilan, which is made up of highly resisting hard gritty sand- 
stones and shales of Cambrian age; the north-western side partly by indurated shales 
of Ordovician age, but chiefly by the greenstones which extend from Mynydd-y-Rhiw to 
Penarfynydd. Between these sides the head of the bay is formed entirely of glacial 
deposits and has an extent of about 4 miles, giving one of the finest sections of the Drift 
to be seen in North Wales. These deposits stretch inland, covering the whole country 
from Llanengan to Llangian and on north-westwards by Llandegwning to Bottwnog, 
thence south-westwards as far as Mynydd-y-Rhiw. Erosion is still going on to a marked 
extent at the head of the bay. On the Geological Survey Map (1 inch to the mile) it 
is stated that the cliff consists of “stratified clays, sands, and gravel from 10 to 40 feet 
high.” This description requires considerable modification. At places the cliff attains 
much greater elevations. The general succession is as follows :— 


. Soil and Blown Sand. 

. Upper yellowish weathered Boulder Clay, becoming sandy and pebbly in places. 

. Intermediate Sands and Gravels. 

. Lower Boulder Clay—massive, tough, and homogeneous. (This Lower Boulder 
Clay descends below the level of the modern beach to an unknown depth.) 


Ke bo wo 


The cliff is highest towards the north-west end of the bay, where it attains elevations 
approaching 100 feet, and shows almost vertical faces which present a striking appearance. 
Here it consists almost entirely of the Lower Boulder Clay, which, indeed, is by 
far the most prominent member of the various deposits exposed in this bay. ‘The 
Intermediate Sands and Gravels are not seen at the western end, but are well displayed 
when we pass towards the eastern end. ‘Taking the deposits from below upwards, we 
have at the base— 

The Lower Boulder Clay.—This is a stiff, homogeneous clay, grey in colour on 
the face of the cliff but becoming darker below the surface. It presents a massive 
appearance, giving almost vertical faces which are traversed by fissures resembling 
joints running from above downwards. These cracks are widened by the action of 
rain and frost, and large blocks are thus wedged off and fall in masses on to the beach 
below. The base of the cliff is reached by the waves at high spring tides, and the 
clay is scooped out, leaving a smooth hollow over which the cliff above hangs. This 
overhanging of the cliff shows the tough nature of the clay. Here and there traces of 
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a kind of bedding or lamination can be seen which may possibly be due to a shearing 
movement, for the clay has all the appearance of having been subjected to great 
pressure. Boulders are fairly common but not abundant. They are distributed pell- 
mell throughout the clay, not in clusters or patches but singly. The majority are about 
the size of one’s fist, and are subangular and beautifully glaciated. Far-travelled rocks 
are common, and include chalk-flints, various south of Scotland granites, especially from 
the Dalbeattie area, the Ailsa Craig micro-granite, a granite with reddish felspars, 
Carboniferous Limestone, Millstone Grit, ete. Pebbles of the Ailsa Craig rock and of 
the other Scottish granites were also picked up on the beach and had evidently been 
derived from the cliff. Bits of wood were also found included in the clay. Marine 
shells occur scattered irregularly in the clay, generally in a very broken condition, but 
some complete shells were found. The forms identified are given below. The fore- 
shore is for the most part covered by pebbles, but at some places it consists of buttery 
dark blue clay evidently due to the running of the Lower Boulder Clay. 

The Intermediate Sands and Gravels.—These are somewhat inconstant in their 
occurrence, but towards the eastern end of the bay they form the greater part of the cliff. 
Usually they are seen to overlie the Lower Boulder Clay, but at places they rest 
immediately on the modern beach, where the Lower Boulder Clay is not exposed. 
Where the sands follow the clay in the cliff there is often much slipping. Sometimes 
this series consists entirely of fine siliceous sand, sometimes of fine pebbly material, and 
sometimes of coarse gravels. The sands and gravels often, but not at all places, show 
stratification. These deposits vary much in thickness and are apt to die out when 
traced laterally. At Porth Nigel no contortions were observed in the sandy layers. 
Here and there the sands become largely ferruginous. No shell-fragments were noted. 
The pebbles in the gravels are of rocks very similar in their origin to those found in the 
Lower Boulder Clay. 

The Upper Boulder Clay is not very conspicuous in these sections. Where it occurs it 
sometimes overlies the Intermediate Sands and Gravels, and sometimes rests immediately 
on the Lower Boulder Clay. It is yellowish in colour, and much weathered, and tends 
in places to become sandy and pebbly, or to pass into a rubble Drift. Ice-scratched 
stones can be picked out, but are not so frequently met with as in the Lower Boulder 
Clay. The included boulders contain erratics, but those from a great distance are not so 
common as in the Lower Boulder Clay. Fragments of marine shells are rare, and those 
obtained were very fragmentary. 

At the west end of the bay a little angular local detritus or ‘‘ Head” lies on the solid 
rock where it slopes down to the beach. There is much slipping and overgrowth here 
but the Lower Boulder Clay, which forms the base of the cliff of Drift, appears to overlie 
this “ Head.” Towards this end of the bay the cliff attains heights approaching 100 
feet, and consists from top to bottom of the massive Lower Boulder Clay. Further east 
a somewhat sandy band runs along the face of the cliff 15 feet from the bottom. This 


band has a thickness of 2 to 3 feet, and when traced laterally it has more of the nature 
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of a stiff bluish clay which is laminated. ‘This can be traced continuously for a 
considerable distance, but eventually it comes down to the level of the beach and dis- 
appears. As we pass nearer the middle of the bay laminations appear near the top of 
the cliff. The cliff face in this region is not so steep, and considerable slipping has 
taken place so as to form a sort of under-cliff with a rough slope above. The top of the 
cliff is here formed of the Upper Boulder Clay, which is yellowish in colour and some- 
what sandy, and has a thickness of 12 to 20 feet. Where landslips have occurred they 
have given rise to a lamination or stratification in all the deposits, the beds dipping 
inland at a high angle. At one place about 14 miles from the west end of the bay, a 
bed of peat 18 inches thick was observed near the base dipping inland at an angle of 
about 35°. It could be traced for a horizontal distance of 20 yards, and was resting on 
boulder clay and overlain by sandy material and this again by boulder clay. The peat 
contained reeds or sedge and was full of land-shells, such as Helix. It had evidently 
slipped from the surface and been in turn covered by further landslips. 

A little to the east of the middle of the bay there is a good exposure of the Upper 
Boulder Clay. The cliff is here 80 to 90 feet high, and the upper 25 feet consist of 
rubbly clay immediately overlying the Lower Boulder Clay. This dies out when traced 
laterally. Further east fine yellow sand is seen near the top of the cliff. The cliff 
becomes lower as we travel towards Mynydd Cilan, and the Intermediate Sands and 
Gravels become more prominent. Where the succession is most complete we have a 
section as follows :— 


5. Soil and Blown Sand. 

4. Upper Boulder Clay, weathered and yellowish in colour, stiff in places, but often 
becoming sandy and pebbly or even rubbly. 

. Fine yellow siliceous sand becoming somewhat clayey in its lower part. 


co 


2. Laminated greyish-blue stoneless clay becoming somewhat sandy in places, and 
distinctly marked off from 1. 

1. The massive Lower Boulder Clay which forms the base of the cliff and the bottom 
of which is not reached. 


Near the extreme east end of the bay the gravels of the Intermediate series come down 
to the base of the cliff, but the Lower Boulder Clay is exposed on the foreshore below. 

At a short distance from this end peat appears in the upper part of the low cliff. 
This peat can only be traced for a horizontal distance of about 100 feet. The section 
here is as follows :— 


. Blown sand—5 feet. 
. Peat—3# feet. 
. Stiff blue peaty clay 
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2 feet. 
2. Greyish-blue somewhat sandy clay, pebbly in places—1 foot. 


1. Stiff Boulder Clay with a tendency to lamination and comparatively stoneless. 
(This rests on the beach and its bottom is not reached.) 
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Hazel-nuts were found in the peat, and the bark of birch trees. A little rubble rests 
on the rocky slope at the end of the bay, but its relation to the Lower Boulder Clay is 
obscured by slipping. 

Amongst the shells and fragments of shells gathered from the Lower Boulder Clay 
at Porth Nigel the following have been identified :— 


(ZASTEROPODA. | LAMELLIBRANCHIA. 
Turritella communis, Lam. | Pectunculus glycimeris, L. 
Buccinum undatum, L. Mytilus edulis, L. 
Tritonofusus gracilis, Da Costa. | Astarte sulcata, Da Costa. 
Murex (Ocinebra) erinaceus, L. | Astarte (Nicania) compressa, Mont. 
Purpura lapillus, L. | Astarte (T'ridonta) arctica, Gray. 
Trophon (Boreotrophon) clathratus, L. Cyprina islandica, L. 


Trophon (Boreotrophon) scalariformis, Gould. Tellina (Macoma) balthica, L. 
Mactra (Spisula) solida, L. 

Venus (Ventricola) casina, L. 

Cardium edule, L. 

Mya truncata, L. 

Corbula gibba® Olivi. 

Nuculana, sp. 


A cirriped was also found in the clay.* Complete specimens of Murex erinaceus and 
Turritella communis were obtained, and complete single values of Astarte sulcata and 
A. compressa. 

Porth Cevriad is situated at the end of the promontory which separates Porth Nigel 
from St Tudwal’s Road. This bay opens to the south, and is carved out of the hard 
gritty sandstones and shales of Cambrian age between Penrhyn-du and Mynydd Cilan. 
It is nearly a mile broad. The Lower Boulder Clay is not exposed in this bay. The 
cliff attains heights of 50 to 60 feet, and slopes away inland at the top. It consists of 
yellowish weathered Drift with boulders which are subangular in shape, and many of these 
show ice-scratches, Beds of pebbly material and sand are seen lying in or below the above, 
and even in places extending to near the top of the cliff. Toward the top, however, 
the Drift is usually rubbly in character. At the two sides where the rocky cliffs come 
in. the Drift is separated from the bed-rock by a mass of rubble or “ Head.” Large 
boulders derived from the cliff lie on the beach, and these are chiefly of local Welsh 
rocks, but specimens of the reddish-streaked rhyolite are fairly common. 

St Tudwal's Road.—The only place where the Drift is exposed is at the south- 
western end, where it consists of a rubbly clay, yellowish and weathered. This probably 
belongs to the Upper Boulder Clay horizon. The whole of this bay, with the exception 
of the rocky promontory and the estuary at Abersoch, is bordered by sand dunes. At 
the back of the sand dunes marshy land occurs at some places, as at Cors Llyferin, and 
this is probably underlain by Boulder Clay. The promontory on which a part of 


* For the determination of these and other shells mentioned in this paper the writer is indebted to Mr Hrenry 
Woops, M.A., Lecturer in Palzontology at the University of Cambridge. 
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Abersoch village stands is grassed over, but marine-like sands appear wherever the 
ground is dug into, and apparently these sands mantle the land around the village. 
Drift is not again exposed along the coast until we pass east of Mynydd Tir-y-ewmmwd. 

Llanbedrog.—Between Mynydd Tir-y-ewmmwd and Careg-y-defaid, both of which 
are rocky and formed of felspar porphyry, the cliff consists of Drift deposits, and good 
sections are exposed for a distance of over a mile. Stiff dark brownish Boulder Clay is 
seen on the foreshore at the west end of the bay, and at one place this clay forms the 
lower part of the cliff. This is the Lower Boulder Clay, and it underlies the Sand and 
Gravel series which forms the cliff all along the bay. The cliff has a very uniform 
height of a little over 30 feet. The sands and gravels are stratified, and occasionally 
show oblique bedding. The sands are orange-coloured and somewhat ferruginous ; they 
yielded no shell-fragments. So in this bay we have represented 


2. The Intermediate Sands and Gravels. 
1. The Lower Boulder Clay. 


On the beach, boulders of Carboniferous Limestone were seen and of granites from 
the Dalbeattie area; very common also were boulders and pebbles of the reddish- 
streaked rhyolite which is so often found scattered about Lleyn. 

From Careg-y-defaid to Pwllheli the coast is bounded by sand dunes. An old 
coast-line can be traced some distance inland in the shape of a cliff which is now grassed 
over. This old cliff is separated from the dunes by flat land some of which is marshy. 
Sand dunes again border the coast-line east of Pwllheli, as far as the felspar porphyry 
promontory of Pen-y-chain. 

The greenstone mass of Careg-y-rhimbill opposite Pwllheli is being rapidly de- 
molished by quarrying operations, but its summit presents a moutonnéed aspect. 

At Pwllheli, in connection with the Harbour Works, a boring was made in the estuary, 
and the following deposits were traversed :— 


3. Mud—6 inches. 
2. Ballast and sand—4 feet. 
1. Stiff blue clay—8 feet. (The bottom of this clay was not reached.) 


Hast of Pen-y-chain, cliffs composed of Drift deposits are again met with and are 
being eroded by the sea. The best sections are displayed between Afonwen and Afon 
Dwyfor. 

Afonwen to Afon Dwyfor.—On the Geological Survey Map (1 inch to the mile) 
these cliffs are marked as consisting of “ stratified sands, clay, and gravel.” The main 
deposits exposed along this stretch of coast are :— 


2. Upper Boulder Clay and Rubble Drift. 


1. Sands and Gravels. 


The Lower Boulder Clay of the Lleyn promontory is not seen here. The sands are 
often well bedded, the gravels generally coarsely bedded. At places the sands show 


———— 


a 


Trans. Roy. Soc, Edin. Vou. XLVII. 


Dr T. J. Jenu on “ The Glacial Deposits of Western Carnarvonshire.” 


Fic. 5.—Afonwen Section, near west end. Coarse gravels capped by the 
Upper Boulder Clay. 


Fic. 6.—Afonwen Section, showing Ferruginous Sands bent over and followed 
above by Boulder Gravel and the Upper Boulder Clay. 


To face p. 36. 
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beautiful examples of oblique bedding. The deposits in the western half of the section 
are very varied, and change frequently in nature when traced laterally. Near Afon- 
wen a bed of peat is seen under the soil and blown sand, and where the cliff descends 
the peat comes down on to the beach. The well-bedded sands -generally underlie the 
coarse gravels. Inclusions or pockets of stiff yellow clay occur in the gravels. At some 
places the pebbles or rounded boulders are heaped in a tumultuous fashion and show no 
traces of bedding (fig. 5). A curious accumulation of well-bedded ferruginous sand 
occurs at one place in the cliff, the beds being arched up (fig. 6). This may repre- 
sent an intra-glacial channel which became filled up with sand arranged in beds. When 
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Fie. 8.—Diagram of the Afonwen Section near the East End. 


the walls of ice disappeared the beds would tend to bend over at the sides so as to give 
an archlike arrangement. ‘These ferruginous beds are followed by boulder gravel and 
over this lies stony till full of boulders which are glaciated. 

About midway along the section peat again appears. Two beds can be seen 
separated by a thin band of very stiff bluish-grey clay with rootlets. The lower bed 
of peat is underlain by tough bluish clay of a similar nature. This peat was examined 
by Mr F. L. Lewis of Liverpool University. He states that it yielded :—Viola 
palustris, Carex sp. (fragments), Menyanthes trifoliata seeds (fairly numerous), frag- 
ments of Sphagnum leaves, Potamogeton fruits in fragments (most probably those 
of P. natans), also scraps of birch bark and birch wood. Further east these beds 
of peat seem to unite owing to the dying out of the intermediate band of stiff 
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clay (fig. 7). Where the peat appears the cliff is low and the sands and 
gravels disappear. Further east the cliff rises again to heights of about 50 feet, and 
consists from top to bottom of gravels and bedded sands, the sands forming the lower 
part. As we approach the Afon Dwyfor end the Upper Boulder Clay, which is here 
very stony in character, is seen forming the upper part of the cliff and overlying the 
coarse gravels, which in turn rest on the sands (fig. 8). 

No shell-fragments were seen in any of these deposits, and the pebbles and boulders 
are all apparently of Welsh origin, no foreign erratic having been noted. 

Sections are again exposed on both sides of Criccieth, where the cliffs consist of 
the Upper Boulder Clay. A fine section is shown east of the promenade at Criccieth 
(fig. 9). It is a typical boulder clay containing big boulders which are often beautifully 
striated and polished. The shore is strewn with blocks and boulders derived from the 
cliff. No shell-fragments were noted and no foreign erratics. The boulders consist 
chiefly of greenstones derived from the Snowdonian area. 


Ill. Tue Drirt or tHE INTERIOR. 


Away from the coast good sections are not often displayed. The greater part of the 
interior is covered by a mantle of Drift which often rounds off the lower hills, but the 
higher mountains rise above all the glacial deposits. Here and there, even on the 
lower ground, bosses of rock protrude through the Drift, and these often show rounded 
outlines and a more or less glaciated aspect, but the smoothness has generally been 
much destroyed by long exposure to the weathering agents. 

The region between Carnarvon and Afonwen is for most part bleak and dreary. Not 
only is there a deep covering of the superficial deposits over this area, but the Drift 
often forms mounds, ridges, and elongated hills. Many large boulders are still seen 
strewn over the surface, although the land has been to a great extent cleared of the 
loose stones which have been used in building cottages, farmhouses, and the walls and 
dykes which now form a network over the whole country-side. In the hollows and 
lower parts peat occurs, as, for instance, at Pant-glas, where it is being cut to a depth of 
4 feet, and again north of Ynys. 

The undulating plain of Drift rises gradually from the coast-line at Dinas and 
reaches a level of about 400 feet at Penygroes. Between Penygroes and Clynnog Fawr 
hes Y Foel—a hill rismg 650 feet above sea-level. At the summit of this hill there is 
an outcrop of slaty rock, but with this exception the entire hill is rounded off with 


Drift. Sections of the superficial deposits can be seen on the banks of streams, in 
railway cuttings, and in gravel-pits on the surface or sides of the moraine-like hills. 
Borings made for water often throw light on the deeper deposits. The mounds and 
hills of Drift which rise above the general surface of the plain are made up of roughly 
bedded coarse grey sand, gravels, and boulder gravel in which some large angular and 
subangular boulders are frequently seen. The materials are for most part of local 
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Fic. 7.—Section east of Afonwen. Two beds of peat are seen separated by tough 
bluish-grey clay. As traced laterally these two beds of peat unite. 


Fic. 9.—Section of the Upper Boulder Clay in the cliff east of the Marine 
Terrace at Criccieth. 
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origin, but erratics such as far-travelled granites and chalk-flints are occasionally found. 
In these hillocks and ridges the material is generally more or less rounded. 

The Drift of the plain rises on the flanks of the higher hills to heights of about 600 
feet. But patches of glacial accumulations are met with at much greater heights. On 
Y Gyrn Goch, south-west of Clynnog Fawr, Drift occurs up to a height of 1200 feet 
above sea-level. It consists of yellowish clayey sand in which, however, no traces of 
marine shells were found. Mr Me.tuarp Reape notes the occurrence of “splendidly 
polished quartz-grains in the angular semi-decomposed gravel from near the summit of 
the Pass between The Rivals and Mynydd Carnguwch, about 800 feet above sea-level.”* 

As we pass west of a line taken as running from Clynnog Fawr to Pwllheli, the 
moraine-like mounds and esker-like hills and ridges tend to disappear. The gravels and 
sands continue, however, to cover much of the land and to form a mantle over the lower 
hills. The sands tend to become fine, and are more marine-like in aspect. The flats 
and hollows are underlain by Boulder Clay. The hills in the neighbourhood of Nevin, 
as, for instance, Garn Bodvean, which attains an altitude of over 900 feet above sea-level, 
have a distinctly moutonnéed aspect, and were during the Glacial period buried under 
the ice-sheet which moved from north-east to south-west. Exposures of the Drift are 
few in number and very poor in the western part of Lleyn, and boulders which at one 
time dotted the surface have for most part been cleared away. Beginning at the 
eastern end of the area investigated, the following notes were made of such exposures as 
could be found inland. 

Pont-Crychddwr, nearly a mile south of Llanllyfni. Mr Mrtiuarp Reape found a 
fragment of Eskdale granite, a Brachiopod from a Carboniferous shale, and fragments of 
schists probably from Anglesey in typical till exposed at a level of 400 feet above the 
sea on the right-hand side of the stream Afon-ddu, just above the bridge. Sections in 
the neighbourhood of Lianllyfni, made in driving headings in slate-quarrying operations, 
show boulder gravel lying upon hard buff-coloured clayey till. 

Again, Mr Reape found far-travelled granites, one of which was located as from 
Hskdale, in loamy and gravelly material seen in a section 30 to 40 feet high on the 
right bank of the Afonddwu, below Pont-Crychddwr, 350 feet above the sea. 

On the right bank of the Avon Llyfni there is a good section 35 feet in height 
showing sandy clay full of boulders and gravel. 

Near the railway station at Penygroes Mr Reape describest “a large mound of 
Drift, the major axis of which is one-third of a mile long, the direction being approxi- 
mately north and south.” The width of this mound is about 200 yards. The mound 
is composed largely of rounded stones, with sand and fine gravel, and stiff clay occurring 
in it irregularly. This can be seen in a ovavel- pit by the roadside on the way to Pont- 
y-Cim. Between Pont-y-Cim and Y Foel there lies a circular mound of Drift known as 
Craig-y-ddinas which has a height of about 40 feet above the road. It consists largely 
of boulder gravel and fine gravel often with a clayey matrix. The mound is surmounted 


* Proc. Liverpool Geol. Soc., vol. vii. (1893), p. 45. + Ibid., p. 48. 
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by an ancient encampment. The Foel itself is for the most part covered by a mantle of 
Drift and is grassed over. Several sand and gravel pits can be seen between Clynnog 
Fawr and Llanllyfni; as, for instance, just off the roadside above Tai’n-lon, and again on 
the side of Y Foel, where the material is gravel and in which a south of Scotland granite 
boulder was picked up. 

At Talarn a new cut for the Afon Llyfni disclosed a section of gravelly drift 440 
feet above the sea. Sections of similar drift can be seen in most of the slate quarries, 
but according to Mr Reape its maximum thickness does not appear to exceed 20 feet in 
the bottom of the valley. This gravelly material has a clayey matrix. 

A eravel-pit of the usual character occurs at Ty-glas, about a mile to the south of 
Tar'n-lon. 

At Ynys-yr-Arch, when visited by the writer, a trench was being dug out to accom- 
modate a churning wheel. The section exposed showed :— 


3. Soil—1 foot. 

2. Gravel—4 feet. 

1. Stiff bluish-grey Boulder Clay—6 feet. (The bottom of this Boulder 
Clay was not reached in the section.) 


Baron Hill, near Bwlch-y-derwydd, Pant-glas.—Just below the farmhouse on the 
north side boring operations in search of water were being carried out. In the shaft 18 
feet were passed through when the locality was visited by the writer, and the material 
traversed consisted entirely of typical dark greyish Boulder Clay which was weathered 
yellow near the surface. Boulders were common in the deposit and were well glaciated. 
The bottom of this clay was not reached. 

At Llecheiddior Ganol, lying between Pant-glas and Ynys railway station, there 
occurs a gravel and sand pit. The deposits are bedded, and are coarse near the surface 
and fine below. The bottom of the sands is not exposed. No foreign erratics were noted. 

At Plas Llecheiddior, just behind the house, a section of the hillock is disclosed. 
Boulder rubble is seen overlying fine sand which has a depth of 4 feet in the section 
without reaching the bottom. Gravelly and sandy beds of the usual character were 
exposed in a pit at Llecheiddior Mill, but the pit is now filled up. 

In the neighbourhood of Brynkir are many mounds and elongated hills of gravel 
and coarse sand. The included stones are all more or less rounded by water action and 
apparently consist of locally derived or Welsh material. A rough bedding is usually 
shown. ‘The ridges are seen to run for most part from north to south. East of Brynkir, 
at, Blain-y-cae, gravel is again seen, but the deposits have become finer, passing into 
sand, as traced downwards from the surface. , 

At Graianog Farm, near Ynys station, there is a small gravel and sand pit just 
above the house. In this pit a chalk-flint was picked up, and also a granite with reddish 
felspars and black mica, which is undoubtedly a fair-travelled erratic though its parent 
rock has not been located. 


THE GLACIAL DEPOSITS OF WESTERN CARNARVONSHIRE. Al 


ce 


The place-names in this district are interesting and suggestive. xrainog” is the 
Welsh term for ‘‘ gravel,” and it occurs again and again in this neighbourhood, e.g. 
Bryn-grainog—the gravelly hillock ; Cors G'rainog—the gravelly moor; Ynys Grainog 
—the gravelly isle, etc. Several spots bear the name of Ynys (island), and these 
generally mark hillocks or mounds of gravel and sand standing above low marshy or 
boggy ground which is no doubt underlain by Boulder Clay. Much of this low 
ground is peaty, and in early historic or prehistoric times was probably under water, 
leaving the hillocks standing out as islands. Some of these islands may be mentioned as 
examples :— Ynys-wen, Ynys-y-creian, Ynys-grainog, Ynys-yr-Arch, Ynys-y-buntan, 
Ynys-hower; and there are several others. Most of the spots bearing such names mark 
hillocks of sand and gravel, but some denote rocky knolls projecting above the low 
ground, e.g. Ynys-galed—the hard or rocky island. 

Llanaelhiaiarn Gravel Pit.—This lies a quarter of a mile to the north of the 
village of Llanaelhiaiarn, near the mill situated just off the right-hand side of the main 
road from Pwllheli to Carnarvon. It is ata distance of 14 miles from the sea (Carnarvon 
Bay), and at a height of about 450 feet above sea-level. The section exposed is as 
follows :— 


2. Brownish-yellow weathered clay, somewhat sandy in places, and with subangular 
boulders especially numerous towards the surface—é feet. 
1. Stratified sands and gravels—15 feet. 


The beds of sand and gravel alternate, but towards the bottom of the exposure only 
fine gravelly material and sand are seen. The thickness attained by these gravels and 
sands is unknown, for their base is not reached in the section. Most of the included 
stones and boulders are of local origin, but specimens were also obtained of chalk-flints, 
and of a reddish-streaked rhyolite. 

This pit occurs on the side of a slope which is mostly grassed over. It is 
probable that the gravels and sands cover considerable areas to the north-east of this 
exposure. 

Bryn-quydin.—This place lies on the right-hand side of the road between Chwilog 
and Four Crosses, and near to the latter village. Here the hillock has been dug into 
for sand and gravel. The section is about 12 feet deep, but is much obscured by talus. 
Near the surface the material exposed is earthy, but below are beds of coarse gravel 
alternating with beds of fine gravel. The beds get finer and sandier as traced down- 
wards. Amongst the boulders are several examples of the reddish-streaked rhyolite 
which is so common in Lleyn. Just north of Four Crosses there occur pits showing 
deposits of a similar nature. The sand has usually a greyish colour. No marine shells 
are detected. West of Four Crosses, on the way to Nevin, some pits are again seen 
in fields just off the roadside. In these sands and gravels are again exposed, and these 
are in some of the pits overlain by 4 to 5 feet of bouldery rubble. 


Just east of Penprys, off the same road and at a height of 300 feet above sea-level, 
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there is an exposure showing 8 to 9 feet of coarsely bedded gravelly material which 
becomes finer when traced downwards. Amongst the pebbles were found specimens of the 
reddish-streaked rhyolite and one of a reddish granite which is foreign to North Wales. 

At Tan-y-llyn, near Glasfryn, there is a shaft for water, 30 feet deep, giving a 
good section. The material exposed consists entirely of tough, dark greyish-blue 
Boulder Clay full of boulders of all sizes, most of which are beautifully glaciated. The 
clay weathers to a brownish-yellow colour just at the surface. This was the deepest 
section met with in this region. Amongst the boulders the reddish-streaked rhyolite 
was common. 

Another shaft for water was dug at Tyddyn-Ucha about a quarter of a mile east of 
Tan-y-llyn. ‘The depth reached here was 9 feet, and the material traversed consisted 
again entirely of stiff bluish-grey Boulder Clay full of well-glaciated stones. 

At Tg-Cam, a quarter of a mile distant from Four Crosses, in the direction of 
Pwllheli, a pit was dug for a water-wheel. Stiff bluish-grey Boulder Clay was exposed 
to a depth of 6 feet. Below the Boulder Clay shaly rock in situ was reached. The 
rock was much shattered just under the clay. Numerous boulders of the reddish- 
streaked rhyolite were picked out of the deposit. 

Near Lianor, 24 miles inland from Pwllheli, and about 5 miles from Carnarvon 
Bay, there are brick-works in which the stiff bluish-grey Boulder Clay is exposed for 
a depth of about 20 feet. The bottom of the deposit is not reached in the section. The 
stiff clay is capped by 2 or 3 feet of yellowish weathered rubbly clay. Well-glaciated 
stones were common in the lower shift clay. The boulders consist chiefly of diabase, 
slate, etc., all of which appeared to be of Welsh origin. There were some indications 
of shells in an extremely fragmentary condition. The reddish-streaked rhyolite was 
seen imbedded in the clay. 

Passing west of a line from Pwllheli to Nevin the low grounds are underlaid by 
Boulder Clay and the smaller hills are covered by gravels and sands. Exposures are 
not common, but a few may be mentioned. On the hill immediately to the south of 
Tu-hwnt-v'r-afon Inn, Rhyd-y-clafdy, sand and gravel are exposed in many shallow 
pits. Near the surface the material is gravelly, with a somewhat clayey matrix, and 
below this we find fine yellow marine-like sand. The exposures are only 4 to 5 feet 
deep, but the sands must attain a considerable thickness towards the base of the hill. 
Several gravel pits are found between Bodvean and Cors Greirch. One of these lies 
a quarter of a mile west of Bodvean, and shows a section 15 feet deep. It is situated 
on the slope of a hill at a height of almost 200 feet above sea-level. The deposits seen 
are mostly sands, fine, yellow in colour, and marine-like. Some pebbly layers occur, 
and at the top a little yellowish clay passing into soil. A little further south is found 
another with an exposure 6 to 7 feet deep. ‘This is at a height of 175 feet above sea- 
level. It consists mostly of gravelly material getting finer and more sandy below. 
On the same hill slope, but at lower levels, fine yellow marine-like sands are exposed 
at several places. The entire hill is evidently covered by a mantle of gravel and sand. 
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The marshy land below, known as Cors Geirch, is underlaid by Boulder Clay. This 
Cors probably marks the site of a former lake. 

At Nanhoron there is an old sand pit in the field in front of the house. It is now 
partly filled up, but formerly it was open to a depth of over 10 feet. Fine marine-like 
sands, well-bedded, are still exposed, with gritty layers here and there. These sands are 
of considerable thickness, for on digging to a depth of over 10 feet their base was not 
reached. ‘The entire hill on which the house stands is rounded over by these sands. 
But to the south, where the Afon Horon runs at a lower level, the stream has exposed 
the lower stiff bluish-grey Boulder Clay which here, as in the coast sections, underlies 
the Sands and Gravels. The stream has here not cut through the Boulder Clay. 

Passing north to the neighbourhood of Madryn we still find similar features. In a 
field on rising ground some 200 yards south of the Hall, and 60 feet above it, sand and 
fine gravel are seen just below the surface. The sand is of the same character as that 
met with at Nanhoron. Again, in the park to the north of the Hall, fine yellow sand is 
exposed in many places and is often seen brought up from rabbit burrows. A large 
area is here covered by this sandy deposit. 

At Meillionen, near Ceidio, coarse gravelly sand is exposed at the surface and to 
a depth of 4 to 5 feet. In the lower ground adjoining, the stiff Boulder Clay is 
met with. { 

At Cefn-leisog, in a field just south of the farmhouse, lies a disused sand pit. Here 
the sand is covered by 4 to 5 feet of yellowish weathered clay full of boulders. 

Passing to Brynodol we find that much of the land north of the house is sandy, as 
seen in several poor exposures and in newly dug ditches. 

At Ty-Issa, Tydweihog, a boring was recently made for water. The deposits 
traversed were as follows :— 

3. Sand—6 feet. 
2. Stiff bluish-grey Boulder Clay—27 feet. 
1. Coarse sand—3 feet. (The bottom of this sand was not reached.) 

A little higher up, at the County School, Tydweiliog, a boring was also made, and 
this passed through :— 

2. Sandy Clay—16 feet. 
1. Pure Sand—2 feet, the bottom of which was not reached. 


A little further down the slope of the same hill another boring was made which 
passed through nothing but marine-like sand to a depth of 10 feet. So we may gather 
from these various borings at Tydweiliog that the Drift covering the land in this 
neighbourhood consists of :— 


3. Sandy Clay. 
2. Sands. 


1. Stiff bluish-grey Boulder Clay, which at one place at any rate is underlaid by or 
includes Sands. 
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Going westwards, at Plas-ym-mhenllech a sand pit was found in a field near the 
junction of the roads to Sarn and to Aberdaron. There were exposed here 5 feet of 
coarse sand in which were seen streaks of stiff clay. 

Going south again similar deposits are found at the surface in the neighbourhood of 
Sarn and Bottwnog. Near Llangian, just where the road turns off to Llawr-y-dref, 
there is a gravel pit in which 10 feet of coarse gravel are exposed. The gravels show 
faint indications of bedding. Another gravel pit is seen at Nezgwi-Plas, in front of the 
house, the gravel being coarse and disclosed to a depth of 4 or 5 feet. All about the 
farm are many other disused pits of a similar nature. The gravels often pass down- 
wards into fine sands. A pit at Neigwl Ganol shows stony yellow weathered clay at 
the surface and to a depth of 4 feet. In a gravel pit at Talsarn the material is more 
rubbly—the stones being less rounded and more flaky. Above Talsarn Bridge the Afon 
Horon is seen to run on the stiff bluish-grey Lower Boulder Clay. This can be traced 
right up the stream, which further up its course becomes a mere rill and does not appear 
anywhere to reach the solid rock. 

The area between Abersoch and Porth Nigel is largely covered with sands. These 
are well exposed near Cim, at a height of over 200 feet above sea-level. The sands are 
fine and marine-like and have a yellow colour. 

Rhos-lurwawn, south-west of Llangwnadl, seems to be underlain by a stony 
weathered Boulder Clay. As we approach the extremity of Lleyn the mantle of Drift 
tends to become thinner until a mere skin of yellow weathered stony clay is left. 

No systematic examination was made of the erratics lying on the surface of the land, 
but in traversing the inland region in search of sections of the Drift the following were 
noted :— 

On Y Foel, between Llanllyfni and Clynnog Fawr, a block of felsite lies perched on 
the slate at a height of over 600 feet above the sea-level. 

On Y Gyrn Goch, at a height of 800 feet, a small boulder of the Eskdale granite 
was found, and a little lower down another of a granite from the south-west of 
Scotland. 

Kast of Porth Nant, on the western slope of Yr Huff, a boulder of Carboniferous 
Limestone was picked up at a height of 450 feet. 

Near Tan-y-foel, between Llithfaen and Pistyll, a boulder of greyish-white granite, 
probably Scottish, was obtained at an elevation of over 500 feet. 

At the gate leading to Berthdaur-fawr, near Penllech, there stands a huge boulder 
measuring 5 feet by 3 feet by 1} feet. It is a very fresh-looking basic rock. A 
fragment was taken away and subsequently sliced and examined under the microscope. 
It proved to be a beautifully fresh olivine dolerite showing typical ophitic structure. 
It is difficult to locate its place of origin. The large size of the boulder makes one 
doubt whether it can have come from the west of Scotland, where similar rocks are found. 
It may possibly have been derived from some Tertiary dyke in Anglesey. 

On Penllech were found erratics consisting of granites, a quartz-porphyry with the 
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quartz showing fine pyramidal forms, the reddish-streaked rhyolite, Millstone Grit, and 
quartzites probably from Anglesey. 

The reddish-streaked rhyolite again occurred on Mynydd Annelog, near the 
extremity of Lleyn, at a height of 350 feet, together with a boulder of Millstone Grit. 

Between Llanllawen and Aberdaron many boulders of diabase are dotted about. 
These are probably mostly of local origin. Blocks of jasper and of serpentinous 
rocks also occur which are derived from the neighbourhood of Careg, not far away 
to the north. 

On Mynydd Cilan, lying between Porth Nigel and Porth Ceiriad, and at heights 
of about 300 feet, the following erratics were found :—Several boulders of a coarsely 
crystalline diabase, the reddish-streaked rhyolite, Carboniferous Limestone with crinoid 
stems, a coarse grit quite unlike the rock of the district, light-coloured felspar porphyry 
derived from the masses of the rock which are found in situ to the north-east, Millstone 
Grit, and a reddish agglomerate. 

On Mynydd Mynytho, which consists of felspar porphyry, several erratics of diabase 
were found, also a boulder of a dark felsitic rock at a height of 400 feet on the south side 
of the mountain, and near it a small boulder of the reddish-streaked rhyolite. 

The reddish-streaked rhyolite is perhaps the commonest of all the boulders occurring 
in the Drift of Lleyn. It is found on the surface, in gravel pits inland, in the coast 
sections, and as pebbles on the modern beach. Its parent rock cannot be very far away, 
and probably lies to the north-east in Anglesey or Carnarvonshire. The boulders of 
this rock have been submitted to several petrologists, but no one has yet located its 
parent rock. 


IV. SumMaRY AND GENERAL CONCLUSIONS. 


In the western part of the Lleyn peninsula the Lower Boulder Clay is seen at some 
places to be separated from the bed-rock by an accumulation of angular detritus having 
all the characteristics of a ‘“‘ Rock Rubble” or “ Head” (fig. 4). This rubble is disclosed 
in some of the coast sections towards the extremity of Lleyn, as, notably, at Porth Oer 
and at Aberdaron. It rests on the rocky slopes of the valley sides, where the valleys 
terminate seawards, and with these slopes it descends on either side below the level of 
the modern beach. This ‘‘ Head” consists of angular blocks and fragments of all sizes 
packed close together or lying in an earthy matrix. The material seems to be entirely 
of local origin, and to be derived in the main from the immediately adjoining rocks 
above. lt sometimes shows a rude bedding, as, for instance, at the east end of Aber- 
daron Bay, where it consists below of flakes and slivers of rock arranged with their long 
axes parallel to one another, giving a linear arrangement, and followed above by coarser 
material in which big angular blocks lie. During the time of the accumulation of this 
rock rubble the land must have stood higher relatively to the sea than it does at present. 
The lower ends of the valleys or inlets on the sides of which the rubble is seen are now 
often choked with the Drift deposits which pass below the level of the modern beach. 
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The seaward terminations of these valleys or depressions are drowned, and their lower 
reaches must have been eroded during pre-Glacial times, when the land stood higher and 
extended further out to the sea than it does at present. The rock rubble is the result 
of subaerial work under severe climatic conditions. It is generally admitted that ice 
in some form or other has aided in the formation of such deposits. ‘lhe rock fragments 
have all the appearance of being frost-riven, but apart from this there is not much trace 
of weathering. This ‘‘ Head” may therefore be regarded as angular debris of local deriva- 
tion moved forward or downward by the action of frost, melting snows, and thawing sub- 
soils. On the steeper slopes the action of gravity alone would account for the slipping 
down of the material. Sometimes, on the other hand, the rubble is a confused mass of 
broken rock showing no arrangement. 

As a rule this rock rubble is overlain by the Lower Boulder Clay, but there are places 
where the Lower Boulder Clay seems to be absent and where the rubble is immediately 
followed by the Upper Drift deposits. The rubble always lies directly on the bed-rock, 
and the fact that it is generally seen to have the Lower Boulder Clay superposed proves 
that it is the lowest of the superficial deposits which occur in the area. In the eastern 
part of the region this rock rubble is not seen unless it be represented by the shattered 
rock which underlies the Lower Boulder Clay at some places. 

The Lower Boulder Clay sometimes rests directly on the bed-rock, and where this is 
the case the rock surface as it passes under the clay has a markedly glaciated aspect ; some- 
times it is separated from the rock by a foot or so of broken and confused rock material, 
and sometimes, as on the rocky slopes at the seaward termination of valleys or inlets, it 
rests on an accumulation of rock rubble or “Head” of a considerable thickness. It is 
the most widespread of all the Drift deposits. This clay is very tough, compact, and 
homogeneous, having a massive appearance as displayed on the cliff face. It 
is often seen to be traversed by joints, and to break off in huge slabs along the joint 
faces as at Porth Nigel. The colour is dark bluish-grey, but after drying it becomes 
more of a light bluish-grey. Boulders are scattered sparingly through it, and are sub- 
angular or more or less rounded and often intensely glaciated. Distant erratics are 
common, and include Carboniferous Limestone, schists, etc., from Anglesey, various 
granites and porphyrites from the south of Scotland, and possibly some granites and 
lavas from the Lake District. It is interesting to note the occurrence of the Ailsa 
Craig riebeckite micro-granite at many places in this Boulder Clay and the frequent 
presence of chalk-flints which must have come from Cretaceous deposits on the floor 
of the Irish Sea or in the north-east of Ireland. The Boulder Clay is shelly, 
especially in the western portion of the peninsula; and though the shell-remains are 
generally very fragmentary, some complete shells were obtained and a considerable 
number of forms have been identified. These include some species which are Arctic 
and Scandinavian and do not live now in British Seas, such as 7’rophon (Boreotrophon) 
clathratus, Trophon (Boreotrophon) scalariformis, and Astarte (Tridonta) arctica ; 
some of a northern type but not confined to high latitudes, such as Cyprina islandica 
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Astarte compressa, and Buccinum undatum; and several species which are now 
common in British Seas. Thus we have in the Lower Boulder Clay a mixture of 
species belonging to different climates. ‘These included shells and shell-fragments are 
therefore evidently derived, and point to the fact that the mer de glace of which this 
Boulder Clay is a product travelled over a sea-floor ere it reached this region. A part 
of a Belemnite was also found in the Boulder Clay at Aberdaron and several pieces of 
wood in that at Porth Nigel. 

This Boulder Clay is, as a rule, strikingly homogeneous and uniform in character 
and has evidently been subjected to great pressure. But at places a fine lamination is 
seen in the clay, especially towards the top. Where this lamination occurs the clay is 
stoneless and sometimes sandy. It appears to be sometimes due to shearing move- 
ments. Wherever land-sliding has taken place lamination occurs towards the top of 
the Lower Boulder Clay. On the foreshore at Porth Nigel an unctuous stoneless clay 
is seen which seems to result from the running or sliding downwards of Boulder Clay 
from which the coarser material has been washed out, leaving the residue in a buttery 
condition with a tendency to go on sliding down the foreshore. The lamination of the 
stoneless clay in the upper part of the cliff at Porth Nigel may have arisen in some- 
what the same way, for it is seen where slipping has taken place. 

The best exposures of the Lower Boulder Clay are met with in the coast sections, 
especially towards the western end of the Lleyn peninsula, but throughout the district 
there are indications that it underlies the Sands and Gravels, although these often form 
the lower part of the cliffs further east. The Lower Boulder Clay is shown by a boring 
to underlie the modern alluvium which forms the flats to the north of Dinas Dinlle. It 
has been detected below the Sands and Gravels of the Dinas Dinlle mound, but no 
further exposure is seen along this coast until we reach Gwydir Bay, where it 
forms a conspicuous feature below the other Drift deposits and under the foreshore. 
From Gwydir Bay westwards it appears in most of the bays, becoming more and more 
prominent and forming greater parts of the cliffs of Drift as we pass towards the 
extremity of Lleyn. It appears to have choked up most of the depressions, channels, 
and inlets met with along the coasts of the western part of Lleyn, sometimes even to 
the brim. These drift-filled depressions are now being rapidly eroded by the sea. At 
the head of the bays the Boulder Clay often forms the entire cliff, and extends below 
the modern beach to an unknown depth; but towards the sides rock rubble is often 
seen lying between the Boulder Clay and the rocky slopes where these come down to 
the beach. At Porth Oer, Aberdaron, and Porth Nigel, cliffs formed of the Lower 
Boulder Clay attain heights approaching 100 feet. At Aberdaron, towards the west 
end of the bay, there appear to be inclusions of large irregular masses of sand in the clay, 
and towards the east end some bedded sands and gravel appear in the Lower Boulder 
Clay. The finest exposure of the Lower Boulder Clay in Western Carnarvonshire is 
that at Porth Nigel, where it forms high cliffs for a length of 3 to 4 miles. Following 
the coast on the southern side of the peninsula eastwards, the Lower Boulder Clay is 
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last seen at Llanbedrog, where it forms the lower part of the cliff and the foreshore at 
the west end of the bay. A boring indicates its presence below the modern alluvium 
in the harbour at Pwllheli, but east of this it does not appear—the cliffs from Afon- 
wen to Criccieth being formed entirely of the Sands and Gravels and the Upper 
Boulder Clay. But though not exposed anywhere along this part of the coast, it 
probably underlies these Upper Drift deposits. 

Inland the Lower Boulder Clay is rarely exposed at the surface, but it may occa- 
sionally be seen underlying the marshy low grounds and moors or along the banks 
and beds of streams which have cut through the Upper Drift deposits, as, for instance, 
along the Afon Horon, below Nanhoron. Even where there are no exposures at the 
surface, borings and artificial cuttings prove it to be present under the other deposits. 
At Ty-Cam, Four Crosses, north of Pwllheli, it was found resting on a shattered surface 
of rock. Above the rocky cliffs at Porth Pistyll, south-west of Aberdaron, it is seen 
resting on the bed-rock at a height of over 100 feet above the sea-level. In other 
borings inland the bottom of this clay is not reached, but at Tydweiliog some sand was 
reached lying in or below the Boulder Clay. Shell-remains were not observed in the 
Boulder Clay away from the coast, except doubtfully in the brickfield at Llanor, north 
of Pwllheli. But the inland sections and exposures of this clay were too poor to render 
any adequate search for shell-remains or erratics possible. All that can be stated with 
certainty is that Boulder Clay underlies the sands and gravels in the interior as well as 
on the coast, and that this clay is of a dark bluish-grey colour and is very tenacious and 
compact ; that in some places it is full of boulders, many of which are well glaciated, 
and at others fairly free of boulders. The included boulders are most numerous in the 
eastern part of the district which approaches the mountains of Snowdonia, and these are 
mostly of Welsh origin. The Lower Boulder Clay has all the characteristics of a true 
bottom-moraine, and is undoubtedly the product of an ice-sheet which came from the 
north and invaded Western Carnarvonshire after having made its way over the bed of the 
Irish Sea and passed over Anglesey. The direction of transport of the included erratics, 
the configuration of the glaciated hills and the roches moutonnées, and the course of the 
rock-strize all indicate that the movement of the ice was roughly from north-east to 
south-west. Professor JAMES GEIKIB, in his classic book—The Great Ice Age—gives a 
map of the British Isles during the Epoch of Maximum Glaciation in which he depicts 
this mer de glace as overwhelming Anglesea, skirting the north-west coast of Carnarvon- 
shire, and passing south-westwards over the tip of the Lleyn peninsula. The late Mr 
CarvILL Lewis, on the other hand, in a sketch-map which is reproduced in Professor 
Bonney’s Ice Work (1896), p. 186, makes what he terms the Irish Sea Glacier terminate 
in an edge passing along and just within the north-west boundary of Lleyn westwards 
towards Ireland, leaving the south of the Lleyn peninsula and Cardigan Bay outside its 
boundary. ‘The facts recorded in this paper prove that this great ice-sheet covered the 
greater part of Western Carnarvonshire, passing over Lleyn into Cardigan Bay. 

In a previous paper communicated to this Society, the writer proved that this 
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ice-sheet filled Cardigan Bay and even invaded Pembrokeshire. It is impossible to 
define accurately the eastern boundary of this ice-sheet. The northern ice met and 
overcame the Welsh glaciers which moved towards Anglesey from the valleys of 
Snowdon ; it invaded the foot-hills, such as Moel Tryfan, lying west of the Snowdonian 
mass. Professor KENDALL, in Wricut’s Man and the Glacial Period (1893), p. 171, has 
pointed out that it was the proximity of Snowdon which really enabled foreign ice to 
invade Wales in the Moel Tryfan region. He observes that “a glance at the map will 
show that the ‘radiant point’ of the Welsh ice was situated on or near Arenig Mawr, 
and that the great mass of Snowdon stands quite at the periphery of the mountainous 
regions of North Wales, so that it would oppose its bulk to fend off the native ice-sheet 
and prevent it from extending seaward in that direction.” Consequently, the northern 
ice-sheet was able to overwhelm Western Carnarvonshire as far east as a line running from 
Carnarvon to Cardigan Bay somewhere in the neighbourhood of Pwllheli. The western 
slopes of the Snowdonian Mountains could only have given rise to small glaciers, and 
these would unite and become merged into the glacial mer de glace which moved south- 
westwards. South of Snowdonia a great glacier came down the Vale of Gwynant past 
Bedd-gelert, reaching Cardigan Bay at Traeth Mawr, where it was joined by another 
issuing from the mountains of Merioneth by the Vale of Ffestiniog. The united mass 
would be large enough to fend off the northern ice and to spread out as a fan towards 
Criccieth and Afonwen, and the volume of native ice would be increased by a smaller 
stream coming down the mountain valley between Moel Hebog and Carnedd Goch. 
The presence of the large volume of native ice in that neighbourhood explains the 
absence of foreign erratics and of shell-remains in the Drift deposits of the coast sections 
from Afonwen to Criccieth. The Sands and Gravels there seen are probably derived 
from a Lower Boulder Clay, although this is nowhere exposed on this part of the coast. 
We may assume that, if exposed, the Lower Boulder Clay in this part, like the Sands 
and Gravels, would show a general absence of foreign erratics. 

The Intermediate Gravels and Sands form a very variable series and are somewhat 
inconstant in their occurrence. They comprise both stratified and unstratified material, 
but the former predominates, especially in the coast sections. The best exposures are 
met with in the cliffs along the coast-line, the series being especially well developed at 
Dinas Dinlle, in the stretch between Clynnog and Gwydir Bay, at Nevin and Porth- 
dinlleyn, at the eastern end of Porth Nigel, at Llanbedrog, and east of Afonwen. The 
sands are, as a rule, yellowish or yellowish-brown in colour, and are marine-like in 
aspect ; they vary in texture, showing all grades from very fine sand to coarse gritty 
material. ‘lhe coarser sands pass into gravel and boulder gravel. 

Mr Metiarp Reaper's investigations proved that the sand contains a large propor- 
tion of extremely well-rounded grains often possessing an extraordinary polish and 
transparency. He speaks of these as “microscopic boulders,” and states that the 
contrast between these and the local grains is most remarkable. The sands and gravels 
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the boulder gravel. As a rule the sands underlie the gravels. The pebbles and 
boulders of the gravels have not the flattened, ovoid form which is so characteristic of 
the shingle on modern beaches. At some places along the margin of the north-west 
coast, notably at Nevin, there occur laminated silty clays usually high up in the series. 
These silty clays are stoneless and devoid of shell-remains and appear to have been laid 
down tranquilly in water of some depth. Along this part of the coast the Drift consists 
chiefly of gravel and sand and silty clays, and the upper surface of the Drift has a 
terraced aspect. Some traces of disturbance and contortions are occasionally seen in 
the sandy beds. 

The sandy series at some places lies immediately on the bed-rock, but at others and 
especially in the deeper depressions, it rests on the Lower Boulder Clay. The line of 
demarcation between the Lower Clay and the Sands and Gravels is often well marked, 
but at places there appears to be a gradual passage from the one to the other. The 
pebbles and boulders in the Gravels include distant erratics of like origin to those 
found in the Lower Boulder Clay. Chalk-flints are not uncommon, and specimens of 
the Ailsa Craig riebeckite granite were obtained at several places. Shell-remains occur 
especially in the coarse sands and beds of gritty material. They are commonest in the 
sands on the north-west coast. Neither shell-remains nor distant erratics were noted in 
the Sands and Gravels on the south coast east of Llanbedrog. The shells found in the sands 
are very broken, usually occurring as mere crumbs. A few of those obtained from the 
sands at Nevin and Porth-dinlleyn have been identified, but the list is too limited to 
yield definite conclusions as to climate. But the sands in this region are very similar 
to the shell-bearing sands of Moel Tryfan, and further south in Pembrokeshire,* the writer 
collected in similar sands a much larger number of shell-remains which were capable of 
identification. At both places the shells pointed to a mixture of species belonging to 
different climates. This, together with the fact that everywhere the shells are very 
broken and much rolled, indicates that they are not now in or near the positions in 
which they lived. In no case were Lamellibranch shells found with the two valves in 
apposition such as one finds in a recent and undisturbed alluvium like that which occurs 
to the north of Dinas Dinlle. Marine-like sands of a similar nature with gravels above 
are found inland in patches all over the peninsula. They lie on the slopes of, and 
sometimes spread over, the lower hills. Hastwards, as we approach the Snowdonian 
Mountains, the sands tend to become coarser and more greyish in colour and they are less 
marine-like. No shell-remains were noted in the sands of the interior, but the exposures 
met with are very poor and afford but little opportunity for a thorough search for shell- 
fragments. Such fragments are known to occur in the sands on Moel Tryfan and again 
away fromthe coast in Pembrokeshire, and so it is probable that this is the case alsoin Lleyn. 
Stratified sands and gravels were found at Llanaelhaiarn at a height of 450 feet above sea- 
level. ‘The well-known shell-bearing sands of Moel Tryfan occur at a height of 1350 feet. 
In Pembrokeshire marine-like sands and gravels were found at elevations of 640 feet. 


* Trans. Roy. Soc. Hdin., vol. xli., part i. (No. 4), 1904. 
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These shelly sands and gravels evidently represent the materials of a sea-bottom 
carried onwards and upwards by an ice-sheet and rearranged by fluvio-glacial action. 
That is to say, they are the remaniés of the great ice-sheet which came from the north 
and passed over the floor of the Irish Sea. The materials were laid down during the 
retreat of the ice-front, and at that time the lower parts of Lleyn must have been under 
water. The boulder gravel may be partly due to the action of torrential waters issuing 
from the melting ice-sheet and glaciers. No deposits indicating a genial inter-glacial 
epoch have been discovered in Western Carnarvonshire ; but this is not a matter for 
surprise, for such deposits, if they once existed, would stand very little chance of being 
preserved in a region so exposed as this. Whether the sands and gravels indicate a 
mere temporary retreat of the ice-sheet or the oncoming of a true inter-glacial epoch 
it is impossible to decide from the evidence afforded by a study of this region alone. 

The Upper Boulder Clay again is very sporadic in its occurrence and varies much 
in thickness and character. Sometimes it is a typical tumultuous unstratified till with 
boulders of al] shapes and sizes scattered pell-mell throughout the clayey matrix; at 
other places it has some of the character of rubble drift. As compared with the Lower 
Boulder Clay the Upper Till is less compact and homogeneous, more stony in character, 
and more weathered and friable. It often passes into a sandy clay. Where it becomes 
a rubble drift it consists of an agglomeration of subangular and more or less rounded 
boulders crowded thickly together in earthy debris. The included boulders are 
derived in the main from Welsh rocks, but many far-travelled stones are also found. 
Ice-scratched boulders are fairly common. The distant erratics are of similar origin to 
those found in the lower deposits, and include Scottish granites, the Ailsa Craig rock, 
and chalk-flints. 

Shell-fragments are again present, but these are scarcer and even less well preserved 
than those found in the Lower Boulder Clay. This Upper Boulder Clay is well 
displayed in the coast cliffs of Dinas Dinlle, and again between Point Maen Dulan and 
Clynnog, where it often forms the entire cliff. West of Clynnog it is not so conspicuous 
in the coast sections, but in many of the bays it can be seen to cap the cliffs which 
are formed of the Drift deposits. As a rule the Upper Clay rests on the Gravel 
and Sand series, but occasionally the two boulder clays occur together, the Upper 
Clay resting directly on the Lower, and in such cases it is sometimes difficult to 
separate them. 

In some of the smaller bays on the south-west coast of Lleyn the Lower Boulder 
Clay is not exposed; in the cliff sections and at the sides of these bays the Upper 
Boulder Clay rests immediately on the rocky slope or is separated from it by some rock 
rubble. East of Afonwen the Upper Boulder Clay becomes again conspicuous. There 
it forms the upper part of the cliff, becoming more prominent and well-defined as we 
approach Criccieth. To the east of the town it forms the entire cliff. In the coast 
sections east of Afonwen no shell-remains were noted in this clay, and the included 
boulders seem to be entirely of native origin. 
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Inland this Upper Boulder Clay is often absent. When it occurs it forms a thin 
covering only a few feet deep, and is often a mere rubble of boulders set in an earthy 
matrix. It has evidently suffered much from weathering and denudation. 

This Upper Boulder Clay may be the product of another mer de glace which 
followed the same course as that which produced the Lower Boulder Clay, and 
which was not much less extensive than its predecessor; or it may be due to the 
re-advance of one and the same mer de glace. Whether the two boulder-clays be the 
product of two separate and distinct ice-sheets separated by a genial inter-glacial 
epoch, or the product of one glacial epoch which was marked by an extensive 
oscillation of one ice-sheet, it is impossible to decide on the evidence presented in 
Western Carnarvonshire. The Drift deposits of this area can be accounted for on 
either of these theories. 

The ridges and mounds of gravel and coarse grey sand which run from north to 
south from the neighbourhood of Penygroes to that of Brynkir represent morainic 
material re-arranged and re-sorted by fluvio-glacial action and under the influence of the 
torrential waters which must have flowed over the surface at the time of the final 
disappearance of the ice. They occur near the eastward margin of the mer de glace 
which came from the north and passed over Lleyn. 

At the time of maximum glaciation the mountains of Lleyn must have been almost, 
if not entirely, buried under the ice-sheet. On Y Gyrn Goch, south-west of Clynnog, 
Drift was noted at a height of 1200 feet above sea-level, and a boulder of a foreign 
granite at 800 feet. The highest peak of Yr Hifl (The Rivals) reaches an elevation of 
1849 feet, and it is possible that the summit of this mountain stood as a “nunatak 
above the surface of the ice. The upper part of Yr Hifl has not a glaciated aspect, but 
of course this may be due to subsequent weathering. 

It is interesting to compare the sequence of glacial deposits in the Welsh area on the 
eastern side of Snowdonia with that met with in Lleyn. Professor KenpaLu* gives the 
succession on the coast east of Little Orme’s Head as follows :— 


4. Boulder Clay with northern erratics and shells. 

3. Sands and Gravels with northern erratics and shells. 
2. Boulder Clay with northern erratics and shells. 

1. Boulder Clay with Welsh erratics and no shells. 


A similar succession is to be seen in the Vale of Clwyd. In these districts the Lowest 
Boulder Clay (1) is entirely the product of Welsh ice, which spread without hindrance 
seawards in the early stages of glaciation prior to the advance of the northern ice-sheet. 
In Lleyn this lowest Boulder Clay of the eastern area seems to be represented by the 
rock rubble or ‘‘Head” which underlies the Boulder Clay (2) laid down on the 
advance of the northern ice-sheet. So west of Snowdonia the sequence is as follows :— 


* WricuHt’s Man and the Glacial Period, 1893, p. 148. 
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4. Boulder Clay with northern erratics and shells. 

3. Sands and Gravels with northern erratics and shells. 
2. Boulder Clay with northern erratics and shells. 

1. Rock rubble or “ Head.” 


That the lowest Boulder Clay which is found to the east of Snowdonia, and which is 
the product of native ice, does not occur also in Lleyn, is explained by the fact that there 
are no gathering grounds for the production of glaciers of any size in that area, but the 
severe climatic conditions would favour the accumulation of the rock rubble or “ Head.”’ 

The Drift which borders the coast of Lleyn has often a markedly terraced aspect. 
This appearance is well seen in the neighbourhood of Clynnog, and again between Yr 
Kifl (The Rivals) and Porth-dinlleyn. The upper surface of the Drift in these places 
looks remarkably even as seen from a distance, and lies at a height of 100 to 150 feet. 
A similar terraced aspect was noted at Llanbedrog, but here the surface is only about 
40 feet above sea-level. 

Where the Drift of the coast shows this more or less even surface it is found to consist 
for most part of the Sands and Gravels, and this may be taken to indicate a submergence 
of the land to an extent of 150 feet or more. But the character of the shell-remains and 
the form of the boulders in the boulder gravels militate against the theory that these 
sands and gravels are ordinary marine deposits ; and where the cliffs are rocky there are 
no indications that the land stood lower relative to the sea than it does at present. It 
is more probable that these stratified Drift deposits were accumulated between the margin 
of the retreating ice and the land area. The present coastal plain would at that time be 
under fresh water, due to melting of the ice and to the ponding of the land drainage. 

Along certain parts of the north-west coast of Lleyn, notably at Porth Colman, a rock- 
shelf or platform is seen at a height of 10 to 15 feet above the level of the present beach, 
which simulates an old shore platform such as that which has been described by Messrs 
Wricur and Murr on the south coast of Ireland.* The surface of this platform is clear 
of Drift for a few yards inwards from its seaward edge ; and it slopes gently upwards until 
it disappears under the Drift—usually the Lower Boulder Clay (fig. 2). This platform 
cannot be traced back to any well-marked pre-glacial cliff, nor is it overlaid anywhere 
by any undoubted shore-deposits. At its inner end, where it passes under the Boulder 
Clay, the surface often has a glaciated aspect. In early Glacial times the shore-line stood 
further out to sea than it does at present, and the land descended in a gentle slope to 
sea-level. The surface underwent severe glaciation and was buried under Drift. Since 
that time there has been some subsidence, and the cliff has also been cut back by marine 
erosion and the foreshore lowered. Where the land slopes gently to form a low cliff, the 
Drift has been cleared away for some distance from the edge during stormy weather 
and high spring tides, when the waves would be dashed against the face of the cliff to 
considerable heights. 


* Screntefic Proc. Roy. Dublin Soc., vol. x. (N.S.), part ii. (1904), p. 253. 
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On the south coast of Lleyn there are indications that during some pre-glacial period, 
possibly the Pliocene, the bays extended further inland than they do at present. What 
appears to be an ancient line of cliffs passes inland from the sides of Porth Nigel, by 
Llanengan and Llangian, towards Bottwnog, and back along the eastern side of Mynydd- 
y-Rhiw (fig. 10). The base of the old cliff is hidden under Drift, but its course 
follows roughly the 100 feet contour line. The Drift deposits which fill much of this 
ancient bay are now being rapidly eroded again. The Drift is rather higher on the 
coast at Porth Nigel than it is for some way inland, and so the drainage has been 
altered. The Afon Soch, which appears to have a natural outlet in this bay, is deflected 
so as to reach the sea at Abersoch (see Map). The course of an ancient pre-glacial 
coast-line can be traced again in the region east of Llanbedrog. 

At the time of the retreat of the ice-sheet glacial lakes must have been formed in Lleyn, 
and there are indications of overflow channels at many places, as at Trevor, in Nant Bodlas 
near Nanhorn, and along the valley of the Soch between Llangian and Abersoch. Some 
subsidence must have taken place during Glacial times, but there is no evidence to show 
that the land stood at.a lower level relatively to the sea than it does at present. After 
the passing away of glacial conditions the land area appears to have had a greater extent 
than it does now. Peat, with the roots of trees am situ, are occasionally exposed at 
low tides in Cardigan Bay. The most recent movement would therefore appear to be 
one of subsidence, and this view is supported by Welsh traditions regarding the loss of 
a land area known as Cantief Gwaclod which formerly extended over much of what 
is now Cardigan Bay. 

Some geologists hold that from the onset of the land-ice to the time of its final 
disappearance there was a period of continuous glaciation, during which the former sea- 
basins were never emptied of their ice-sheets. This view has recently been strongly 
advocated by Mr Lampiucn. ‘To account for the accumulation of the stratified deposits 
associated with the boulder clays in the West British area, somewhat extensive oscilla- 
tions of the mer de glace are admitted. Speaking of the Isle of Man in his Presidential 
Address to the Geological Section of the British Association (1906), he says that at the 
time of its maximum glaciation the surface of this ice-sheet stood more than 2000 feet 
higher than present sea-level. ‘Then followed a declining stage in glaciation, during 
which the ice-sheet shrank away from the hills, which were never again covered. . . . 
The recession of its margin was relatively accelerated in the northern part of the island, 
so that a broad hollow was formed there between the hills and the ice-border: in this 
hollow a mass of stratified drift was deposited.” This stratified material he regards as 
marginal ‘‘overwash” from the ice-front. ‘hough waning and shrinking for a time, he 
thinks the ice-sheet did not disappear entirely from the surrounding basin. “‘ Following 
closely upon this local deposition of stratified drift, there appears to have been a limited 
re-advance of the ice, which brought about the accumulation of an upper boulder clay 
on parts of the low ground.” He thus admits a declining stage of glaciation,which was 
followed after the deposition of the stratified material in a re-advance of the ice, but 
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only to an extent sufficient to “ close in again upon the lower flanks of the hills.” In 
his Survey Memoir, on “The Geology of the Isle of Man” (1903), p. 395, Mr LampLucu 
has adduced reasons to show that “the shrinkage of the ice-sheet covering the Isle of 
Man is likely to have commenced while the Welsh and Ivernian sheets were still in- 
creasing.” “But,” he adds, ‘‘it was not until there had been a great amelioration of 
climate that the island began to emerge from the waning mass” (p. 395). So this 
“reat amelioration of climate” must have taken place at the time in which the 
stratified Drift deposits were accumulating between the receding ice-sheet and the 
emerging land. Does not this change in the climate indicate the gradual passing away 
of glacial conditions at a time prior to the deposition of the Upper Boulder Clay? Mr 
LaMPLuGH refers again and again to the fact that a very considerable alteration in the 
climate must have occurred to account for the shrinkage of the ice from the island. 
“The shrinkage,” he observes (p. 396), ‘‘may have begun from a diminution in the 
amount of snowfall alone; but before it could proceed far there must have been a wide- 
spread change of climate and an essential difference between the conditions of this stage 
and of the initial stage of the period. At the beginning of the period the climate was 
such as to permit the permanent snow-line to descend nearly to sea-level; while, when 
the ice-sheet had reached its maximum, it was requisite that the climate should be warm 
enough to prevent snow lying permanently at over 2000 feet above sea-level before a 
positive lowering of the surface by melting could take place. Thus, an ice-sheet 
already in existence may be able for a long time to withstand a climate in which it 
could never originally have accumulated; and ameliorating changes may attain an 
advanced state before their effect on such an ice-sheet becomes marked. But when the 
permanent thawing of the surface once commences, it must go on with accelerated 
rapidity as lower levels are reached.” Again, a little further on he says: “It is clear 
that by the time the hill-tops had reappeared the Arctic conditions of climate had 
passed away, and permanent snow was no longer possible on rock-surfaces, even at the 
higher levels.” Ifthe Arctic conditions of climate had thus passed away by the time 
the hill-tops had reappeared, it is likely that the amelioration in the climate continued, 
and that something more than a mere temporary and short-lived recession of the ice-lobe 
took place. Mr LamptucH accounts for the deposition of the Upper Boulder Clay by 
a re-advance of the ice which followed closely again the local depositions of the stratified 
drift. In view of the great change of climate which is admitted, it seems more probable 
that at this time also the ice-plateau, though lingering for a considerable time in the 
Irish Sea basin, went on wasting and shrinking, passing into a condition of “dead ice,” 
and eventually disappearing entirely in much the same way as Mr Lamewuen thinks the 
final waning of ice-sheets from the British area to have taken place. 

Though the mass of ice may not have attained its maximum development at the 
same time in all parts of the West British region, and shrinkage may have started in the 
ice covering the Isle of Man sooner than it did further south and west, one cannot 
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imagine any recession of ice from the land area which was not practically contempor- 
aneous on all sides of the Irish Sea basin. 

When the ice-sheet which deposited the Lower Boulder Clay shrank away from the 
hills and the area now known as Lleyn emerged from its icy covering, the ice probably 
still lingered for a time in the basin of the Irish Sea. _ It was probably during this time 
of shrinkage and recession that the sands and gravels lying between the two boulder 
clays were accumulated. Owing to melting at the edge of the ice-sheet and to the 
ponding up of the land drainage, much of Western Carnarvonshire must for a time have 
been submerged under fresh water, and there is no need to assume any sinking of the 
land relatively to the sea of which there is no clear evidence in this region. The facts 
which militate against the supposition that these shelly sands and gravels are ordinary 
marine deposits laid down when the land stood lower relatively to the sea are summarised 
by Professor KenpaLt in Carvitt Lewis’ Glacial Geology of Great Britain and 
Ireland (1894), Appendix viii. 

Stratified Drift deposits—-shell-bearing sands and gravels—are met with lying 
between two boulder clays at various elevations on both sides of the Irish Sea—in 
Ireland as well as in West Lancashire, Cheshire and Wales. If these deposits were laid 
down in their present position during a retreat of the ice-sheet from the hills, it means 
that a shrinkage took place from the land area on both sides of the Irish Sea as well as 
about the Isle of Man. The recession of the ice would be accelerated by the action of 
land streams impinging on to ice, and wasting at the surface would become more rapid 
as the surface was brought lower. The shrinking mass would thus be attacked on all 
sides. Granting, therefore, as Mr Lampiucu does, a widespread change of climate to 
account for the shrinking of the ice-sheet from the Isle of Man, and recognising that a 
similar shrinkage must have taken place on all sides of the Irish Sea basin, the proba- 
bility is that the ice-plateau vanished entirely and that an inter-glacial epoch intervened 
between the times of the deposition of the two boulder clays. 

The Upper Boulder Clay would thus denote a recurrence of severe glacial conditions 
and the advance of another ice-sheet. It has already been stated that, as far as Lleyn 
is concerned, the two boulder clays maght be regarded as the product of one mer de 
glace subject to considerable oscillation, but a review of the whole of the Irish Sea area 
renders it more probable that they are the products of the ice-sheets of two glacial 
epochs separated by an inter-glacial epoch. 


(The author is indebted to the Carnegie Trust for a Research Grant towards the 
expenses connected with this work.) 
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Ill.—Scottish National Antarctic Expedition: Observations on the Anatomy of the 
Weddell Seal (Leptonychotes Weddelli). By David Hepburn, M.D., Professor of 
Anatomy, University College, Cardiff (University of Wales). (With One Plate.) 


(MS. received February 22,1909. Issued separately May 25, 1909.) 


INTRODUCTORY. 


The anatomy of all marine mammals presents an interesting field of observation 
upon their structural adaptation to a particular environment, and naturally, therefore, 
an extensive literature already exists in respect to these mammals, notwithstanding the 
many difficulties connected with theif detailed examination. Their large size and the 
rapidity with which their tissues undergo decomposition have been serious obstacles in 
the way of prolonged dissection both of Cetacea and of Seals. Consequently, the 
examination of many parts of their anatomy has, of necessity, been more or less hurried. 
Accordingly, in the course of the preparations for the Scottish Antarctic Expedition, 
led by W. S. Brucz, LL.D., etc., arrangements were made for the preservation of 
mammalian specimens by the same injection methods that are now commonly used for 
the practical study of human anatomy, and the medical officer to the Expedition 
received practical instruction from myself in the application of these methods. 

The animal now under consideration was preserved in the following manner :—One 
of the vessels between two of the toes on a hind flipper was opened and a fine canula 
inserted. Through this, a quantity of an arsenical preservative, containing glycerine, 
was introduced under gravitation, and to-day the tissues are as soft and free from 
putrefaction as they were on the day the creature was killed. 

The animal is a young male Weddell seal (Leptonychotes Weddelli), one of the 
earless seals. It was born on or before the 29th of August 1903, and was killed by 
hydrocyanie acid on the 31st of August 1903, and immediately injected with the pre- 
servative solution. | 

Its dimensions are as follows :— 


From tip of snout to end of tail . : z : ; 514 ins. 
_ as A hind flipper . : ; : COs; 
4 i Ry forelimb  . : : : G3) ce 
es 51 genital aperture : é : : Be) 
From genital aperture to anus. ; : 7 5 Se 
» anus to tip of tail . ‘ 2 ; . . ay» 
Interorbital width ; : : . 4 : Sao, 
Axillary and greatest girth : : , ; : 343 ,, 

Fore flipper :— 

Length on outer edge ; a é ; : Be 
Sy kigye LLELOL =,5> 2 d ‘ GF: 
Stretch (expanded) . é : 1% 
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Hind flipper :— 


Length on outer edge 5 : : : : 13% ins, 
=! Fy SUC Te ne 5 ; : 3 , aA ate 

Stretch (expanded) . : ; : ; : 133 ,, 

Circumference at base : i : ‘ ; 10} ,, 


Its weight was 83 lbs. A portion of umbilical cord about 3 inches in length was 
still dangling from the umbilicus. Its fur was greyish yellow, mottled by darker spots, 
suggesting leopard characters. 

Abdominal Viscera.—On opening the abdomen, the general shape of the cavity was 
seen to be ovoid, being wider in front and narrowing behind to the well-marked inlet 
of the pelvic cavity. Regarded as a whole, the abdominal cavity presented a close 
resemblance to that of the porpoise,* of which an account appeared in the 7’ransactions 
of the Royal Society of Edinburgh, vol. xl., part ii, p. 315. 

Running forwards from the umbilicus, the umbilical vein, already nearly obliterated, 
formed a very distinct object, suspended as it was in the free edge of an extensive 
ventral mesentery constituting the falciform ligament of the liver. Running back- 
wards from the umbilicus, the urinary bladder, with its associated hypogastric arteries, 
was likewise suspended in a mesial ventral mesentery whose depth from the abdominal 
wall to the bladder measured from an inch to an inch and a half. The bladder was 
long and narrow, and at the umbilicus its lumen was distinct. No part of the bladder 
had become obliterated to form the urachus, so that the bladder represented the entire 
intra-abdominal extent of the allantois. 

The liver and stomach occupied the wide anterior end of the abdominal cavity, and 
in rear of them only the mass of coiled intestine was visible. 


PERITONEAL Foups AND REFLECTIONS. 


At first glance there was no sign of a great omentum, but on separating the coils of 
intestine from contact with the stomach, the great omentum was found crumpled up 
against its attachment to the greater curve of the stomach. Its greatest depth from the 
stomach to its free margin was 3 inches. It was devoid of visible fat, and was there- 
fore an extremely thin and translucent membrane. There was a well-marked gastro- 
hepatic or lesser omentum presenting the usual gastric and hepatic connections. The 
gastro-splenic omentum was also well marked, and by it the spleen was attached to the 
great curve of the stomach. From the dorsal aspect of the spleen the peritoneal 
membrane extended to the dorsal wall of the abdominal cavity without coming into 
relation with the left kidney, which was situated opposite to its fellow and considerably 
further back in the abdomen. 

The liver was attached to the sub-diaphragmatic surface by the usual suspensory, 
coronary and lateral peritoneal ligaments, to which further reference will be made in 
describing the liver, 


* HRPBURN and WATERSTON, loc. cit. 
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The duodenum was suspended in a dorsal mesial mesentery whose base of attachment 
measured nearly 5 inches, and this represented the distance between the pylorus 
(gastro-duodenal junction) and the duodeno-jejunal junction which was situated close 
behind (tailwards of) the superior mesenteric vessels and immediately to the left of the 
mesial plane. ‘To the right side of the duodenal mesentery there was a large peritoneal 
recess whose right boundary was formed by a tailed lobe of the liver extending back- 
wards along the dorsal wall in intimate association with the inferior vena cava. 

At the first glance there appeared to be no naked-eye distinction between the small 
intestine and the colon. At no point were teenia coli, sacculations, or appendices 
epiploicz visible. 

As measured from the duodeno-jejunal junction or flexure, 46 feet of gut were 
suspended from the dorsal wall in a mesentery practically corresponding to the entrance 
of the superior mesenteric vessels. A closer examination revealed a distinct lateral 
diverticulum rather more than 1 inch in length but of the same calibre as the gut, 
situated on that part of the gut, which was suspended in the mesentery and at a 
point 9 inches from the hinder end of the mesentery. ‘This diverticulum evidently 
represented the ccecum and the vermiform appendix in their most primitive form, and 
in the same condition as I have formerly described in the case of the grey seal 
(Halicherus grypus).* We may therefore conclude that this diverticulum marks 
the commencement of the colon. 

Consequently the first 9 inches of the colon are suspended in the same mesentery 
as the small intestine, exclusive of the duodenum. The remainder of the gut, 7.e. colon, 
was suspended in a dorsal mesial mesentery extending tailwards to the entrance of the 
pelvis, while through the greater part of the pelvic cavity a dorsal mesial mesentery 
supported the pelvic part of the colon, 7.e. the rectum. 

The foramen of Winslow was very distinctly defined in relation to the free right 
border of the gastro-hepatic omentum. Similarly the lesser sac of the peritoneum was 
equally distinct, although the great omentum was not in any sense a gastro-colic structure. 

The inlet of the pelvis measured 1 inch in the transverse diameter and 3 inches 
in the conjugate diameter. Its lateral boundaries were well defined by the hypogastric 
(umbilical) arteries, each of which was supported in a peritoneal sling or ligament attached 
to the dorsal wall along the pelvic inlet. 

The pelvic peritoneal pouch extended backwards between the gut and the bladder to 
a distance of 34 inches from the pubic crest, and so reached a point posterior to the 
bulb of the urethra, z.c. to a point which corresponded with the central point of the 
perineum. On the ventral abdominal wall, 1 inch to the outer side of the hypogastric 
arteries, there was the opening which led into the inguinal canal (see fig.). Each 
opening was circular and half an inch in diameter. It led into a circular peritoneal tube 
which extended through the abdominal wall in relation to the hinder free border of the 
musculus transversalis abdominis and the musculus obliquus internus abdominis. At 


* Hueppurn, “The Grey Seal (Halicherus grypus),” Jour. Anat. and Phys., vol. xxx. 
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the plane of the musculus obliquus externus abdominis, and close to its pubic attach- 
ment, the peritoneal tube passed through a muscular slit corresponding to the external 
inguinal ring and thereafter terminated in a blind end situated close to the posterior 
end of the testis. The length of this tube of peritoneum was 2% inches, and its 
testicular part formed the tunica vaginalis testis. 

Each vas deferens entered the abdomen through the internal inguinal ring, being 
suspended from the ventral wall in a short mesentery or peritoneal sling by which each 
vas was carried across the abdominal aspect of the hypogastric artery to the pelvic 
surface of the urinary bladder about the level of the pubic crest. These two mesenteries 
for the vasa deferentis, formed a free transverse fold of peritoneum on the pelvic surface 
of the urinary bladder at the level indicated. From this level the vasa deferentia passed 
backwards on the pelvic surface of the bladder under cover of the peritoneum. On the 
pubic aspect of the bladder there was a triangular non-peritoneal surface extending for- 
wards from the pubic crest for 14 inches, at which point the ventral mesentery of the 
bladder commenced and continued to the umbilicus. 


ALIMENTARY ORGANS. 


The stomach (see fig.) presented a single chamber situated with its long diameter 
in the axis of the trunk. The cesophagus entered the stomach slightly to the right side 
of the most prominent or anterior part of the fundus. The greater convexity or curve 
was well defined, and measured 17 inches from the cesophagus to the pylorus. The 
distance between the same points along the lesser curve was 10 inches. Each of these 
curves was associated with the usual omenta. A very sharp bend occurred in the lesser 
curve, 5 inches in a straight line from the cesophagus and 3 inches from the pylorus. 
The sides of this bend were held in close apposition by the peritoneum, and the general 
appearance produced was that of a constriction in the course of the cavity of the 
stomach. The greatest width of the stomach on the cesophageal side of this bend was 
54 inches, whereas on the pyloric side of the bend the greatest width was 4 inches, and 
opposite the bend the width was 25 inches. The practical result of the infolding of the 
stomach wall was therefore to produce two chambers communicating with each other 
by an aperture considerably narrower than either of the chambers. A second slight 
constriction was present in the pyloric section, and thus as a whole, from cesophagus to 
pylorus, the stomach suggested three imperfectly separated compartments or chambers. 

The contents of the stomach consisted of a quantity of a thick pasty substance of a 
somewhat light earthy colour. It was uniformly smooth, and contained no evidence of 
bones. In all probability it represented partially digested coagulum of milk. 

The pylorus was placed in the mesial plane, and was recognisable both to the eye 
and to the touch as a constricted ring. 

The duodenum extended from the pylorus in the form of a horse-shoe loop 12 to 
13 inches long. It was attached dorsally in the mesial plane by a mesentery. The 
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proximal and distal ends of the loop were from 4 to 5 inches apart. To the right side 
of the duodenal mesentery there was a large peritoneal recess or pouch the mouth of 
which was directed anteriorly, and to which reference has already been made. 

The duodeno-jejunal flexure lay immediately to the left side of the vertebral column 
and marked the beginning of the mesentery proper and of the small intestine suspended 
in it. This mesentery had a very short base which practically corresponded to the 
entrance of the superior mesenteric vessels. It was twisted to the right and supported 
the jejunum and ileum, which together measured almost 46 feet in length. 

The ccecal diverticulum formerly referred to as representing the combined ccecum 
and vermiform appendix, was taken to indicate the termination of the small and the 
beginning of the large intestine. This primitive developmental form of the coecum 
and vermiform was rather more than an inch in length, while in calibre it corresponded 
with the gut. From this diverticulum to the end of the gut there were no other 
external evidences of any distinction between small and large intestine. 

From the ccecum the large intestine or colon pursued the first 9 inches of its 
course suspended in the same mesentery as the small intestine. Thereafter the colon 
assumed a mesial position and, as far as the pelvic inlet, 7.e. for a distance of 18 inches, 
it was suspended in a dorsal mesial mesentery. ‘The pelvic portion of the colon was 
also placed mesially, and the greater part of it was also suspended in a dorsal mesentery. 
From the pelvic inlet to the anal aperture the gut measured nearly 10 inches, so that 
the entire length of the colon from ccecum to anus was practically 3 feet. ‘Thus the 
total length of the gut from pylorus to anus was :— 


Duodenum : : : : ; : 1 foot. 
Small intestine . ; ' : : ; 46 feet. 
Colon é : d a : 5 BP gs 
Total i : : ; : : 50 


” 


The liver (see figs.) was large and deeply fissured, thereby presenting very dis- 
tinct lobes. It was intimately associated with the diaphragm, and occupied the anterior 
end of the abdominal cavity from side to side. It was provided with the usual peritoneal 
ligaments. The falciform and coronary ligaments presented no special features as 
regards their arrangement, but the left lateral ligament extended from the sharp left 
margin of the liver whereas the right lateral ligament was short and extended from the 
smooth surface of the right aspect of the right lobe. The diaphragmatic surface of the 
liver was smooth and convex, adapting itself to the abdominal surface of the diaphragm 
and presenting right and left lobes in relation to the suspensory or faleiform ligament. 
The right lobe was divided into mesial and lateral portions by a deep dorso-ventral 
fissure, and the left lobe was imperfectly divided by dorsal and ventral notches which, 
however, did not meet each other. 

On its visceral aspect the liver was much subdivided, particularly in relation to the 
right lobe. The right and left lobes were marked off from each other by the ligamentum 
teres (obliterated umbilical vein) on the ventral aspect of the hilum, and by the hepatic 
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sinus on the dorsal aspect of the hilum. The right lobe presented the same mesial and 
lateral portions which were noted on the diaphragmatic aspect. The mesial portion 
was divided into dorsal and ventral parts by the hilum. To the ventral portion the 
gall-bladder was attached, and this part of the right lobe was connected to the left lobe 
by a pons hepaticee. The dorsal portion was to a large extent concealed by the large 
hepatic sinus. The lateral part of the right lobe was also divided into dorsal and 
ventral segments by the extension of the hilum across its visceral aspect. 

A tailed lobe extending from the dorsal segment of the mesial portion of the right 
lobe passed backwards on the ventral surface of the inferior vena cava, which was thus 
embedded in the liver substance. This tailed lobe expanded so as to conceal a consider- 
able length of the inferior vena cava, and into this hidden part of the cava there opened 
directly the hepatic veins from this particular lobe, as also the hepatic veins from the 
lateral part of the right lobe. 

The inferior vena cava itself opened into the large hepatic sinus situated close to the 
diaphragm and extending right and left of the suspensory ligament. This sinus 
received the hepatic veins from the right and left lobes of the liver, with the exception 
of those veins already mentioned as opening directly into the inferior vena cava. ‘I'he 
interior of this sinus was imperfectly divided into right and left parts by a crescentic 
partition which was situated to the right side of the line of attachment of the suspensory 
ligament, so that the part of the sinus to the left side of the crescentic fold was the 
larger. The inferior vena cava opened into the hepatic sinus on the right side of the 
imperfect partition, while on its left side it received the mouth of the ductus venosus. 

The hepatic sinus narrowed for the purpose of passing through the diaphragm in 
order to enter the right auricle of the heart, but the general size of its lumen was so 
much greater than that of the inferior vena cava that it is more accurate to say that 
the inferior vena cava opened into the sinus and the sinus joined the auricle. 

The conditions presented by the hepatic veins afford some interesting light upon 
the question of their development. Clearly the large hepatic sinus has resulted from 
the fusion of the two embryonic venze revehentes, although, from the position of the 
imperfect crescentic partition, it is evident that the left vena revehens was the larger of 
the two and therefore received the smaller or right vena revehens. This arrangement 
would therefore appear to provide a variation upon the current statement that “ the 
left vena revehens loses its connexion with the sinus venosus and opens into the right 
vena revehens” (Cunninghan’s Text-Book of Anatomy, 2nd ed., p. 935). Again, the 
ductus venosus is described as passing directly “ from the left vena advehens to the right 
hepatic vein” (vide cbid.), whereas, in the liver under consideration, the mouth of the 
ductus venosus opens to the left side of the crescentic fold, which appears to represent 
the remains of a fusion between the right and left hepatic veins. Further, to quote 
again from the same authority, ‘‘ The upper part of the inferior vena cava is developed 
as an outgrowth from the common trunk formed by the fusion of the ductus venosus 
with the right hepatic vein.” From the present dissection the inferior vena cava would 
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appear to arise from the right hepatic vein independently of the ductus venosus, more 
especially in view of the fact that the inferior vena cava receives direct tributaries from 
the caudate lobe adherent to its ventral aspect. 

The gall-bladder, which was empty, occupied a fossa on the visceral aspect of the 
mesial portion of the right lobe of the liver. It thus lay to the right side of the 
ligamentum teres, from which it was separated by a projecting portion of liver 
substance, connected to the left lobe by a pons hepatica. This portion of the liver 
corresponded in general position with the quadrate lobe of the human liver. 

The cystec duct passed towards the hilum of the liver and, having been joined by 
hepatic ducts corresponding in number with the three chief lobes of the liver, the 
common bile-duct was formed. ‘This duct pursued its course on the ventral aspect. of 
the foramen of Winslow and, immediately after passing this foramen, 7.e. just before 
reaching the duodenum, it was joined by the pancreatic duct. The duct thus resulting 
came in contact with the duodenum a little more than half an inch from the pylorus. 
It perforated the duodenal wall very obliquely, and opened on the summit of a papilla at 
a distance of 2 inches from the pylorus. 

The pancreas presented a characteristic appearance. A small part of this gland 
was found within the duodenal mesentery, but the greater part of the organ extended 
headwards behind the lesser peritoneal sac. The pancreatic duct emerged from the 
substance of the organ on the cephalic (anterior) side of the foramen of Winslow (not 
from that part within the duodenal mesentery), and, extending to the right side, it 
formed a junction with the common bile-duct on the cephalic side of the foramen of 
Winslow and fully 2 inches from the common orifice by which both ducts pour their 
contents into the duodenum. 

The spleen measured from 9 to 10 inches in length, from 1 to 6 inches in width, 
being narrow anteriorly and wide posteriorly. It was extremely thin, being not 
more than a quarter of an inch in thickness. It was situated between the stomach and 
the dorsal wall, being attached to the former by the gastro-splenic omentum and to the 
latter by a dorsal mesial mesentery. There was no intimate relation between the spleen 
and either of the kidneys, because these organs were removed from all immediate 
association by reason of their situation considerably nearer to the pelvic region. The 
tail end of the pancreas extended into the posterior splenic mesentery but did not come 
in contact with the spleen. 
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Prof. Davin Hepsurn on “ Observations on the Anatomy of the Weddell Seal.” 
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1V.—Supplementary Report on the Hydroids of the Scottish National Antarctic 
Expedition. By James Ritchie, M.A., B.Sc., Natural History Department, The 
Royal Scottish Museum. Communicated by W. 8. Bruce, LL.D. 


(MS. received December 8, 1908. Read January 4, 1909. Issued separately May 27, 1909.) 


Since the report on the Hydroids collected by the Scotia was completed, almost 
three years ago, I have had an opportunity, thanks to the kindness of Dr W. 8. Brucs, 
of looking through the enormous mass of material brought together by him during his 
Antarctic voyages. The search, begun in the hope of finding a few minute species— 
which, since many are epizoic on other forms of marine life, might readily be overlooked 
on cursory examination—-has resulted in the addition of no less than 25 forms to the 
36 already recorded. Deducting from this total of 61 forms two varieties, it appears 
that the Scotia collection contains in all 59 distinct species. Few, indeed, of these have 
been obtained in truly Antarctic latitudes—subantarctic or temperate seas having 
furnished the greater number—but this result is in accordance with the findings of the 
majority of the recent Antarctic expeditions.* Dr BirLaRp, in summarising the results 
of the Belgian, Swedish, and French expeditions, states that the known Hydroid fauna 
of Antarctic regions comprises only 32 species. But from his list he has, | think un- 
justly, excluded South Georgian records. His list, moreover, published before the 
valuable paper by Professor Hickson and Mr Gravety on the Discovery Hydroids was 
issued, necessarily makes no reference to the large number of forms recorded by them 
from Victoria Land. 

The following figures indicate the wealth in species of the Hydroid fauna of Antarctic 
seas, the Antarctic area being defined as the region lying in ‘‘higher southern latitudes 
than the extreme limit of floating ice, according to the most recent research” (BRucE, 
1894, p. 208); that is, an area corresponding to the Antarctic Circumpolar Subregion 
of OrTMANN (1906). To this region belong the 14 species collected by the Belgian 
expedition (Hartiavus, 1904), 24 of the Swedish collection of 50 species (J ADERHOLM, 
1905), the 8 species of the French expedition (BiLuarD, 1906, ), and 24 of the 25 
English records (Hickson and Gravety, 1907). From the same area the Scotia 
obtained only 9 species, although some of the most fruitful stations, Burdwood Bank, 
the Falkland Islands, and Gough Island, lay just beyond its boundary. Extracting 
the distinct species from those lists, we find that their number amounts to 68. 

The Hydroid Zoophytes, then, are represented in the Antarctic circumpolar seas, 


* The report on the Hydroids of the German expedition has not yet been published. 
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according to our present knowledge, by 68 different species, 21 of which are Gymnoblasts, 
47 Calyptoblasts, while of the total, 36 must, so far, be regarded as peculiar to the 
Antarctic region. As regards the number of individuals as distinct from variety of 
species, recent results indicate that the area is a thinly populated one, for comparatively 
few Hydroids were brought up in any one haul of trawl or dredge, a strong contrast to 
the abundance of tangled masses which occur in such temperate areas as the North Sea. 
On the whole, the Antarctic Hydroid fauna may be looked upon as a rather meagre 
one, comprising comparatively few species belonging to well-established genera. 

From the point of view of geographical distribution the collection to be described 
is of a miscellaneous character, for Dr Bruce collected material on his outward 
and homeward voyages as well as at his southern stations. Thus specimens from 
tropical seas— from the Cape Verde Islands, from Brazil, and from St Helena—are 
recorded alongside specimens from subantarctic and Antarctic localities, but so little 
is known regarding the Hydroid fauna of those places that it seemed better to include 
them here, at the same time furnishing a record of all the Hydroids brought together 
by the Scotia. 

Two species, Thyroscyphus tridentatus and Plumularia lagenfera, hitherto recorded 
only from the South and North Pacific respectively, have been found in the South 
Atlantic, while the known ranges of several other species have been considerably 
extended. 

Of new forms there have been described the trophosome and gonangium of 
Sertularia heterodonta from off Brazil, the trophosomes of Antenella quadriaurita 
from Gough Island, and of a variety of Lafoéa gracillima from deep water to the 
south of the South Orkneys, while the gonangia of Sertularia rathbum and Anten- 
nopsis scoti# have been described for the first time. 

Some additions have been made to the existing descriptions of rare species, and 
noteworthy variations have been recorded in the hope that the realisation of the con- 
siderable limits within which variation is possible may tend to the better understanding 
of reliable specific characters. 

I gladly seize this opportunity of setting right several unfortunate errors which 
occurred in the earlier report on the Scotza Hydroids. There should be substituted 
Hincks for H1nxs, Lamarck for LaAMArK, JOHNSTON for JOHNSTONE, and Haleciwm for 
Haleciun on p. 523. Aglaophenia dichotoma of the former report I now identify 
with A. heterodonta, Jiiderholm (imfra, p. 96). 

In the following list, which takes the place of that in the original report, I have 
included all the species collected by the Scottish expedition, those discussed in the 
present paper being indicated by an asterisk :— | 
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GYMNOBLASTEA. 


Family PopocoryNIDA. 


Podocoryne carnea, Sars, 1846. 


Family MyRiorHELipa. 


* Myriothela austro-georgie, Jiéiderh., 1904, p. 69. 


Family HuDENDRID&. 


* Rudendrium annulatum (1), Norman, 1864, p. 70. 


Family ATRACTYLIDA. 
* Perigonimus repens (1), (Wright, 1858), p. 70. 


CALYPTOBLASTEA. 


Family HaLEciipsé. 


Halecium arboreuwm, Allman, 1888. Halecium halecinum (Linn., 1758). 
(=. robustum, Allman, 1888.) 3 interpolatum, Ritchie, 1907, (1). 
7. beanti (Johnston, 1838). - tenellum, Hincks, 1861. 


Family CaMPANULARIDZ. 


* Clytia johnstoni (Alder, 1857), p. 71. * Kucopella crenata (?), Hartlaub, 1901, p. 73. 
Campanularia angulata, Hincks, 1861. Silicularia hemispherica (Allman, 1888). 
4 Fe clytioides (Lamx., 1824), p. 71. . Hebella striata, Allman, 1888. 
x tincta, Hincks, 1861. ms var. plana, Ritchie, 1907, (1). 
'; sp., Ritchie, 1907, (1). Calycella syringa (Linn., 1758). 
* Obelia geniculata (Linn., 1758), p. 72. * Campanulina chilensis, Hartlaub, 1905, p. 74. 
* ,, hyalina, Clarke, 1879, p. 72. * Thyroscyphus tridentatus (Bale, 1893), p. 74. 


* ,,  longissima (Pallas, 1766), p. 72. 


Family Laro#ip. 


Lafoéa antarctica, Hartlaub, 1905. Grammaria magellanica, Allman, 1888. 
»  gracillima (Alder, 1857). Brucella armata, Ritchie, 1907, (1). 
i ;, 5 var. benthophila, n. var., p. 76. 


Family SERTULARID. 


Sertularella arborea, Kirchenpauer, 1884. * Sertularia cornicina (M‘Crady, 1859), p. 78. 

by contorta, Kirchenpauer, 1884. “3 - heterodonta, n. sp., p. 79.- 

o jiliformis, var. reticulata, Ritchie, us 59 mayert, Nutting, 1904, p. 81. 
1907, (1). es i. operculata, Linn., 1758, p. 82. 

7 fusiformis (2), Hincks, 1861, p. 77. a is rathbuni, Nutting, 1904, p. 83. 

5 gayt (Lamx., 1821), p. 78. * Thuiaria articulata (Pallas, 1766), p. 84. 

es rectitheca, Ritchie, 1907, (1). (= ,, pectinata, Allman, 1888.) 

is tenella (Alder, 1857). Synthecium robustum, Nutting, 1904. 


. tricuspidata (Alder, 1856). Staurotheca reticulata, Ritchie, 1907, (1). 
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Family PLUMULARIDA. 


* Plumularia curvata, Jiderholm, 1904, p. 86. * Monostxchas quadridens (M‘Crady, 1859), p. 91. 
=a, magellanica, Hartlaub, 1905.) * Antenella quadriaurita, n. sp., p. 92. 
. echinulata, Lamarck, 1836, p. 87. * Aglaophenia allmani, Nutting, 1900, p. 93. 
- lagenifera, var. septifera, Torrey, 1902, * o dubia, Nutting, 1900, p. 95. 
p. 87. e - heterodonta, Jéderholm, 1904, p. 96. 
# pinnata (Linn., 1758). (= Gs dichotoma, of first Scotia Report.) 
° + setacea (Ellis, 1755), p. 89. ws py minima, Nutting, 1900, p. 97. 
3 unilateralis, Ritchie, 1907, (1). a es latecarinata, Allman, 1877, p. 98. 
Antennularia hartlaubi, Ritchie, 1907, (1). * Halicornaria longicauda, Nutting, 1900, p. 98. 


* Antennopsis scotix, Ritchie, 1907 (1), p. 90. 


The localities from which the species recorded in this paper have been obtained are so 
scattered that, for convenience of reference, I have brought them together in list form. 


Station 313, 62° 10'S., 41° 20’ W. (S. of South Orkneys). 
Lafoéa gracillima, var. benthophila, un. var. 


Scotia Bay, SoutH OrkKNEYs. 
Myriothela austro-georgix, Jaderholm. 


Burpwoop Bank, 54° 25’ S., 57° 32’ W. 
Campanulina chilensis, Hartlaub. 


Port Stanuey, FaLKuaNnD ISLANDS. 
Perigonimus repens (2?) (Wright). 
Plumularia curvata, Jaderholm, 
GoucH IsLAND. 
Obelia longissima (Pallas). 
Thyroscyphus tridentautus (Bale). 
Antenella quadriaurita, n. sp. 
Carer Cotony. 
Houtjes Bay (Saldanha Bay). 
Plumularia echinwlata, Lamk. 
Saldanha Bay, entrance to. 
Eudendrium annulatum (?), Norman. 
Obelia geniculata (Linn.). 
Sertularia operculata, Linn. 
Thuiaria articulata (Pallas). 
Plumularia lagenifera, var. septifera, Torrey. 
Antennopsis scotic, Ritchie. 
Aglaophenia heterodonta, Jiderholm. 
St HELENA. 
Sertularella gayi (Lamx.). 
Sration 81, Abrohlos Bank, Brazil, 18° 24’ S., 37° 58’ W. 
Sertularia cornicina (M‘Crady). 
5 heterodonta, ni. sp. 
re rathbuni, Nutting. 
Monostxchas quadridens (M‘Crady). 
Aglaophenia allman, Nutting. 
ye dubia, Nutting. 
4 minima, Nutting. 
Halicornaria longicauda, Nutting. 
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Sr Vincent, Caps VERDE ISLANDS. 
Eucopella crenata (?), Hartlaub. 
Sertularella fusiformis (?), Hincks. 
Tat. 27° 54’ N., long. 33° 17’ W. 
Clytia johnston (Alder). 
Sertularia mayert, Nutting. 
Sration 537, 29° 54’ N., 34° 10’ W. 
Campanularia clytioides (Lamx.). 
Obelia hyalina, Clarke. 
Srarion 538, 32° 11’ N., 34° 10’ W. 
Plumularia setacea (Ellis). 
Aglaophenia latecarinata, Allman. 


Myriothela austro-georgiz, Jaderholm, 1904. 


Several specimens of this bizarre Hydroid have to be recorded. All came from a 
single neighbourhood, Scotia Bay in the South Orkneys, but the depths at which the 
specimens were obtained varied. Some of the examples have already been described by 
Professor J. ARTHUR THOMSON in a short paper in which he regards them, not without 
hesitation, as the separated gonostyles of some unknown giant Siphonopore (‘THomson, 
1904), There can be no doubt, however, that these specimens are identical with those 
found by both the Swedish and the French Antarctic expeditions, and recorded by Drs 
JADERHOLM and BritLarD (1906, p. 4) as Myriothela austro-georgie. The length, the 
thickened basal portion on which the blastostyles (each bearing its male or 
female gonophores and a distal tentacle or two) are massed, and, most characteristic 
of all, the capitate tentacles scattered irregularly over the whole hydranth, even 
amongst the blastostyles—these features show that our examples belong to the same 
species as theirs. Nor can there be any doubt that J ADERHOLM was correct in regarding 
his specimens as belonging to the genus Myriothela, for their resemblance to the 
northern forms is striking,—solitary hydranths, absence of hydrocaulus, capitate 
tentacles scattered over the body, blastostyles grouped at the base of the hydranth, the 
presence of longitudinal folds of endoderm lining the inner cavity. 

Professor THomson remarks that some of the colonies bore solitary gonophores, while 
one had as many as seven on its blastostyles, and suggests the possibility of the presence 
of two species. Since, however, the specimens examined by JADERHOLM had generally 
from one to three, but sometimes as many as six female gonophores, while the male 
gonophores occasionally numbered even ten on a single blastostyle, the variation is so 
great that little stress can be laid on this as a specific character. 

A water-colour sketch made on the capture of one of the specimens indicates that 
their colour was a stronger and brighter orange than is shown by JADERHOLM’s figure. 
(JADERHOLM, 1905, pl. i.). 

Locality.—Scotia Bay, South Orkneys; dredged in 10 fathoms, April 1903; dredged 
in 9 to 10 fathoms, May 1903; dredged among mud and pebbles, 18th December 1903. 
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One specimen was found “on the surface of the water, in a hole which had been cut in 
the ice. The depth of the water at that place was 20 to 30 fathoms; the temperature 
was 29° F.” 

M. austro-georgie has previously been recorded from Cumberland, South Georgia, 
(JADERHOLM), and from Flanders Bay and Booth-Wandel [sland (Binuarp). 


Eudendrium annulatum (¢), Norman, 1864. 


Two small clumps of bushy colonies appear to belong to this species, but the 
weathering of our specimens, and the indefiniteness of the characters which differentiate 
the species of Hudendrium, render certainty impossible. The colonies are 5 cm. high, 
and agree with Canon Norman’s species in being bushy and beset with very numerous 
branchlets ; in possessing thick, rugged stems, on the surface of which, near the base, 
the fascicular tubes are more or less contorted ; in having branches closely covered with 
strongly marked rings; and in bearing hydranths with about from 16 to 18 tentacles. 
On the other hand the gonophores, all of which are female, are borne on tentacle- 
bearing hydranths and not on atrophied individuals. So many, however, are the 
gonophores and so closely are they packed around the hydranth, that in not a few cases 
it was difficult to distinguish the presence of tentacles. Since, in some species at least, 
the loss of the tentacles is a degenerative change keeping pace with advancing maturity, 
their presence in this case may be of less significance than at first one tends to regard it. 

These measurements were made :—The diameter of the unfascicled branches and 
branchlets is almost constant, about 0°18 mm. The hydranths are about twice as long 
as broad, the breadth being measured at the level of the bases of the tentacles (0°57 mm. 
long, 0°28 mm. broad). 

Locality.—Entrance to Saldanha Bay, Cape Colony. Depth, 25 fathoms. 21st May 
1904. 

Eudendrium annulatum is a North Atlantic form which has been recorded from 
Shetland (Norman, 1864); Jan Mayen (MarkTANNER-TURNERETSCHER, 1890) ; Pas-de- 
Calais (BrreNcouRT, 1899); Norwegian Coast (BonNEVIE, 1899). 


Perigonimus repens (2?) (Wright, 1858). 


Scanty material which I have, not without doubt, referred to the above species was 
collected on the shore at Port Stanley. The stems, with a diameter of from 0°04 to 
0°05 mm., arise from a stolon creeping upon an encrusting Polyzoon, and reach a height 
of 10 mm. ‘They bear a considerable number of branches which leave the stem at a 
sharp angle and carry secondary, and these sometimes twigs of tertiary degree, in such 
a way as to give the colonies the appearance of being dichotomously branched. The 
offshoots can always be distinguished, however, by the presence of a slight constriction 
at their bases. The stems bear distinct rings at their bases and here and there through- 
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out their course, while the intermediate portions are more or less corrugated. A 
delicate chitinous envelope surrounds the ccenosare and is adorned with minute sand 
particles, fragments of sponge spicules, etc., this coating being continued over the lower 
part of the hydranth. The hydranths, which are in poor condition, appear to be rather 
globular in shape and have from 12 to 15 tentacles. Short-stalked gonophores occur 
scattered over the hydrocaulus, but they are far from mature and offer no characters of 
significance, 

I have no hesitation in identifying my specimens with those collected by PaxssLER 
at Port Stanley in 1895 and described by Harriavs (1905, p. 530), although our 
examples bear more numerous branches than his “gar nicht oder nur schwach 
verzweigten Hydrocauli.” And I follow Harriavs, but with considerable hesitation, in 
referring the colonies to the Perigonimus repens of Wricut, an almost unbranched form 
with a maximum height of “+ inch” (Hincks, 1868, p. 90), contenting myself merely 
with adding a second mark of interrogation to that which expresses HarTLavs’s doubt. 

Locality.—Growing on an encrusting Polyzoon, from seaweed found on the shore at 
Port Stanley, Falkland Islands. January 1903. 


Clytia johnston (Alder, 1857). 


Of this common European species only a few stems occur on Saragassum weed. 
They resemble miniature British examples of C. johnston, structurally alike in every 
detail, but altogether on a much smaller scale. They are even less in some measure- 
ments than the small variety found by Dr Bittarp (1907, p. 168) on material from the 


Saragassum Sea. 


Measurements :— 
Stem, length . : ‘ ‘ ; : 16 -2:1 mm. 
, diameter . ; ; : ‘ 0°63-0°71 ,, 
Hydrotheca, length . , : ; ; 0°66-0°7 -,, 


diameter at margin : , ; 0-41-0°48 ,, 


Locaiity.—Off Saragassum weed, from lat. 27° 54’ N., long. 33° 17’ W. 28th June 
1904. 


Campanularca clytioides (Lamouroux, 1824). 


Several specimens of this minute species have been found creeping on Saragassum 
fronds. The stems are short, measuring from 0°74 mm. to 0°95 mm. in leneth and 0:1 
mm. in diameter, and are marked by about eight compact rings at the base of the 
hydrocaulus and about six less compact rings beneath the hydrotheca. The inter- 
mediate portion of the stem is smooth or only slightly corrugated. The hydrothece are 
short (0°34 mm.), rather broad at the mouth (0°38 mm.), and taper rapidly to the base. 
Their walls are thick, but vary considerably in different individuals and even in the 
various parts of the same individual. At the margin of the shelf which divides the 
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cavity of the hydrotheca proper from the small globular cavity at its base is a ring of 
bright dots, indicating the points at which the base of the polyp was attached to the 
hydrothecal wall. 

The gonosome is not present. 

Locality.—On gulf weed from Station 537. Lat. 29° 54’ N., long. 34° 10’ W. 
29th June 1904. 


Obelia geniculata (Linneeus, 1758). 


In addition to the Gough Island locality given in the former report, this widely 
distributed species occurs from another station. Gonophores are present on the colonies 
from habitat (0). 

Locality.—(a) Entrance to Saldanha Bay, Cape Colony. Depth, 25 fathoms. 21st 
May 1904. (b) Growing plentifully, along with Plumularia lagenifera, var. septifera, 
on the segments and telson of a lobster, Palinostus lalandii, from the same locality. 


Obelia hyalina, Clarke, 1879. 


Many small, 6-mm. high colonies of this species occur creeping over the fronds 
of Saragassum weed in association with Campanularia clytioides. The characters 
are as described and figured by CLarxkeE, and the dimensions of our specimens 
appear to agree more closely with those of the type than do the corresponding 
measurements of the large-sized Talisman examples described by Dr A. Brituarp 
(L90%eps0l70): 


Measureménts :— 
Hydrotheca, depth . 3 : : : 0-2 mm. 
3 maximum diameter ; : ) Os ae 
Peduneles, length : : ‘ : : 0°36-0°45 mm. 
Stem internodes, length 5 : : 5 0°54 mm. 


No gonangia were present. 
Locality.—Creeping on gulf weed from Station 537. Lat. 29° 54’ N., long. 34° 10’ W. 
29th June 1904. , 


Obelia longissima (Pallas, 1766). 


In addition to the colonies already recorded from the South Orkney Islands, a small 
fragment whose characters agree with those of the above species has been found at Gough 
Island. 

Measurements :— 


Hydrotheca, depth . 3 F i ‘ 0°38-0°45 mm. 
+r diameter at margin ; 5 3 0°38-0°45 


” 


Locality.—Off Gough Island. Depth, 25 fathoms. Bottom, rock. 28rd April 
1904, 
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Eucopella crenata (?), Hartlaub, 1901. 


A very few examples, whose occurrence has already been mentioned (Rircuiz, 1907, 
p. 488, footnote), were creeping on seaweed obtained on the shore of St Vincent, Cape 
Verde Islands. The absolute identification of these examples with Professor HarrLavs’s 
E. crenata is, inthe absence of the gonosome, impossible, and, considering differences 
which occur in the shape of the hydrotheca and in the ringing of the peduncle, 
appears to me to be a matter of doubt. Our specimens, however, are identical 
with those described by Dr A. Brttarp, 1907, and I follow him in assigning them 
(with a query) to the above species. The hydrotheca are more conical than 
those of the type, and their proportions differ slightly from those of BILLarp’s 
specimens, where the depth exceeds the breadth, for here these dimensions are 
identical, or the latter may even exceed the former. The margin of the hydrotheca 
is cut into about thirteen rounded teeth, and above the projecting septum at the 
base there occurs a circle of from 28 to 31 bright dots (indicated in Hartiavup’s fig. 27). 
The peduncles bear from 9 to 12 sharply defined rings at the base, and from 1 to 4 
annulations at the summit, while the median portion is generally more or less 


corrugated. 
Measurements :— 
Length of peduncle. é ; : : 1:01-1°98 mm. 
Breadth 3 : : ; : ; 0:07-0:09 _,, 
Depth of hydrotheca . : ; ; ‘ 0:32-0:45 _,, 
Breadth 5 at margin : i : 0°34-0°40 ,, 


Locality.—Growing on seaweed from the shore to the N.H. of Porto Grande, 
St Vincent, Cape Verde Islands. 1st December 1902. 

Apparent evidences'of regeneration are given by some of the specimens. To mention 
one example. The hydrotheca is borne on a stem 1°68 mm. in length, but this stem is 
composed of two distinct portions, a basal section 1°04 mm. long with walls 9« in 
thickness, of a dark horn colour and deeply stained by eosin. ‘This portion is 
sharply truncated at the distal end. It is succeeded by a shorter section 0°64 mm. 
long, with walls only 6 in thickness, clear and transparent and faintly tinged 
with eosin. It is apparent that the peduncle has been truncated at a particular point, 
and that from this point the regenerating hydranth has built a new perisarcal 
protecting sheath which, as one would expect, differs in density from the older 
portion. It is interesting to note that the regenerated portion has, instead of 
continuing the smooth character of the old peduncle, assumed the character of a 
complete peduncle, for it bears four clean-cut rings above its point of origin, these 
being followed by a corrugated portion, and this by three rings below the hydrotheca. 
In all the cases examined the regeneration process has reproduced a complete but 


miniature peduncle. 
TRANS. ROY. SOC. EDIN., VOL. XLVII. PART I. (NO. 4). 10 
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Campanulina chilensis, Hartlaub, 1905. 


Three minute colonies epizoic on Halecowm beanw belong to this species. The 
ringing and branching of the stems and the shape of the hydrothecz agree with the 
descriptions and figures of Harriavs and of JADERHOLM (1905), but although the former 
says of the hydrothecz that they are “viel weniger conisch als die von C. repens, 
Wright” [ ! Auman, 1864], I cannot distinguish between the hydrothece of the South 
American and British species. C. chilensis is, however, more frequently branched than 
C. repens, but I doubt whether this and the other rather indefinite characters cited by 
Hartiavs are constant and of specific value. Scarcity of material of both the South 
American and British forms, however, prevents a comparison sufficiently extensive to 
warrant me in setting them down as belonging to the same species. 


Measurements :— 
C. chilensis. C. repens.* 
Stem, diameter : : : 0:06 mm. 0:08 mm. 
Hydrotheca, length . ' : 0:20-0:21 mm. 0:18-0:28 mm. 
- diameter at mouth ; 0:09 mm. 0-10 mm. 


Locality.—Growing upon Haleciwm bean from Station 346, Burdwood Bank. 
Lat. 54° 25’ S., long. 57° 32’ W. Depth, 56 fathoms. 1st December 1903. 

JADERHOLM has already recorded C. chilensis from Burdwood Bank, where it was 
growing on the carapace of a crab at 137-150 metres. Britarp (1906, p. 12), found 
the species in collections from Flanders Bay and Booth-Wandel Island. Harriavs’s 
specimens were obtained at Calbuco on Tubularia and Hudendrium. 


Thyroscyphus tridentatus (Bale, 1893). 


A few colonies have been found at a single locality. Simple, unbranched stems, 
10 mm. in height, arise from a creeping hydrorhiza at intervals of some 2 or 3 mm. To 
the unaided eye the colonies have an erect, rigid appearance, and are seen to bear pro- 
minent hydrothez placed alternately on the stem. Under the microscope the stem 
resolves itself into a series of distinct internodes which vary considerably in size, a much 
shorter being occasionally wedged in between two longer individuals. That the nodes 
in our specimen are apparently more distinct than those in the examples recorded by 
Professor HarrLaus (1901, p. 369) from French Pass, to the north of the South Island of 
New Zealand, is of little importance, as the boundary mark between internodes is liable 
to considerable variation. The locality of the node is, moreover, rendered more evident 
in the Scotia specimens, because the proximal end of each internode is generally 
marked by a rude annulation. The hydrothece are arranged alternately, and the 
whole series lies in one plane. 

A hydrotheca rests upon a short process at the distal end of each internode. The 
hydrotheca is separated by a distinct boundary line from the internodal process, and 
occasionally one, two, or even three short joints intervene between them. The distal 


* Specimens from Plymouth in my collection. 
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margin of such an interpolated joint is always abrupt, and the perisarc of the existing 
ealycle is not directly continuous with this margin, but is found to merge with that of 
the interpolated joint some distance within the joint (see fig. 16). From this it would 
appear that.the joints are not all contemporaneous, but represent the remains of former 
eups which, broken off by accident, have been replaced once, twice, or oftener by the 
regenerative power of the ccenosare. In this case, therefore, they can be of no diagnostic 
value. Evident knobs of chitin are present on the inner surface of the adcauline wall 
at the base, and of the abcauline wall at the margin. The former do not seem to be 
reproduced in regenerated hydrothece. 

The hydrothec are much more deep than broad, and are characterised by an almost 
straight abeauline and a strongly convex adcauline contour. They are in most cases 
considerably longer than the stem internodes. The margin is divided into three pro- 


Fic. 1.—Thyroscyphus tridentatus. x70. (a) Primary hydrotheca showing k, and ky, knobs of chitin; pp, points on 
hydrotheca to which the hydranth is moored by ccenosarcal strands. (6) Internode process and regenerated hydrotheca ; 
k, knob of chitin marking base of primary hydrotheca; w,, wall of original hydrotheca ; w,, wall of first regenerated 
hydrotheca ; w,, wall of second regenerated hydrotheca. 


nounced teeth, separated by three deep and graceful bays, and is furnished with a three- 
flapped operculum. No trace of a gonosome could be found. 


The following measurements give some indication of the variable proportions of our 
specimens :— 


Stem, length . : - ; 4 : Up to 13 mm. 
Internode, length : : é A 3 0°49*-0'91 mm. 
a breadth : ; : : : 0:13-0'22 mm. 
Hydrotheca, length . : 6 : : 0:60-0°63 _,, 
4 breadth (maximum) ‘ : : 0:22-0:28 ,, 


Locality.—Gough Island. Depth, 25 fathoms. Bottom, rock. 28rd April 1904. 

Distribution.—The species was originally described by Bay from material obtained 
at Port Phillip, in the south of Australia, as Campanulamia tridentata. Subsequently 
it has been recorded by Professor Harriavs (1901) from French Pass, north of South 
Island, New Zealand. ‘These, so far as I am aware, constitute the only records of the 
species, so that the Scotia specimens from Gough Island, midway between Cape of Good 
Hope and Cape Horn, extend its known range from the South Pacific to the South Atlantic. 


* A regenerated internode which succeeded an old truncation of the stem. 
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Lafoéa gracillima (Alder, 1857), var. benthophila,* n. var. 


This species has to be recorded from an additional locality, to the south of the South 
Orkney Islands. The two specimens from this locality are, however, of a type quite 
distinct from the Burdwood Bank examples. They are both small and incomplete. 
The larger, 18 mm. high, bears two short branches; the smaller, 9 mm. high, is branch- 
less. Only a trace of fasciculation is exhibited by the latter, but the stem of the former 
is a typical rhizocaulom. ‘The hydrothece, while they closely resemble those of typical 
examples of L. gracillima, differ in being placed at more regular intervals on the stem, 
in preserving a near approach to alternation, in lying towards the stem at a much 
smaller angle, and in lacking a twist on the hydranthophore. 


Fig. 2.—Lafoéa gracillima, var. benthophila. Portion of branch with hydrothece. x 80. 


I do not lay much stress on this last point, however, since untwisted hydranthophores 
are not unfrequently present in typical colonies of the species. The most striking 
difference lies in the robustness of the hydrothece, the dimensions being much greater 
than in any other specimen I have examined. Near the base of the hydrotheca proper 
is a rude row of minute, refringent prominences on the internal wall, to which the 
base of the polyp was presumably attached. Occasionally, but only where the margin is 
reduplicated, two rows of dots occur. 

The following table indicates in millimetres the differences, in respect of size, 
between the present and typical specimens :— 


| Coat’s Land Burdwood Bank North Sea 
Specimen. Specimen. Specimen. 
| a! 
Hydrotheea, including hydranthophore : ; 0°87-1:01 0°63-0°64 0°57-0°76 
‘4 diameter at mouth ; F : 0-21-0:25 0°11-0°13 0-11 
Diameter of a simple tube. P : ; 0:16 all 0:10 
| 


* BévOos, the deeps ; and ¢iaos, loving. 
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No gonangia were present. 

Locality—Station 313. Lat. 62° 10’S., long. 41° 20’ W. Depth, 1775 fathoms. 
Bottom deposit, blue mud and boulders. 18th March 1903. 

The distribution of the species is almost world-wide, but it has not hitherto been 


recorded from Antarctic Seas. 


Sertularella fusiformis (2) Hincks, 1861. 


A few minute simple stems, 7 mm. high, rising from a stolon creeping upon a sea- 
weed. The slightly geniculate stems are divided into internodes which vary consider- 
ably in length, those nearer the base being longer than the more distal, the former 1°08 
mm. as against an average of 0°61 mm. for the latter. The internodes are narrow, only 


Fic. 3.—Sertularella fusiformis (?) Portion of stem, x 40. 


0°06 mm. in diameter at the base, but they widen upwards until a ledge is formed upon 
which the base of the hydrotheca rests. They are separated by slanting nodes, immedi- 
ately above which occur one or two rings, while the remainder of the internode is more 
or less definitely wrinkled. 

The hydrothecz lie in the same plane, are alternate, and are placed one on the distal 
end of each internode. Rather more than half of each is free, the free portion leaning 
wellaway from the stem. In shape they are flask-like, bulging proximally, while towards 
the distal end there is formed by a sudden constriction a distinct “neck,” which is sur- 
mounted by the four-toothed margin. The walls of the hydrothece are smooth 
externally, but just within the margin the inner surface bears four distinct blunt teeth 
which lie midway between the marginal teeth. 
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Dimensions of hydrotheca :— 


Length ‘ ; : E : 0°45-0°52 mm. 
Diameter where it becomes free from internode ; 0:25-0:27 ,, 
Diameter of “neck” . 5 ; ; ‘ 0'14-0°16 


No gonangia were present. 

It is with some doubt that these specimens, their gonangia lacking, have been referred 
to the S. fusiformis of Hincxs. The hydrothecze in our specimens appear to be more 
robust, to have a more decided ‘“‘ neck,” and a more pronounced inclination away from 
the stem, while the presence of internal teeth is not mentioned in H1ncxs’s description. 
The present specimens closely approach the very doubtful S. fusiformis (?2) described by 
Professor Ct. Hartriaus (1900, pl. 5, fig. 9) from Rovigno on the Adriatic Sea, but the 
ringing which is absent in his is markedly present in our examples. 

Locality Growing on seaweed found on the shore to the N.E. of Porto Grande, 
St Vincent, Cape Verde Islands. 1st December 1902. 


Sertulurella gayt (Lamouroux, 1821). 


In addition to the colony found near Gough Island, another of almost equal dimen- 
sions, 12 cm. high, has to be recorded from St Helena. Its minute structure is very 
similar to that of the Gough Island example, the rugosities on the upper surface of the 
hydrothecz being in some cases almost obsolete. 

This species, although widely distributed in the Northern Atlantic and in the 
Mediterranean Seas, has hitherto been recorded south of the equator only from the Cape 
of Good Hope (Algoa Bay), (HartLaus, 1905, p. 613). In conjunction with this occur- 
rence the two Scotia records, from Gough Island and St Helena, may be taken to indicate 
a wide distribution for the species in the South as well as in the North Atlantic. 

Locality.—Intertwined with an Aleyonarian, Amphilaphis regularis, from St Helena. 
30th May 1904. 


Sertularva cormcina (M‘Crady, 1859). 


Scanty material, a mere half-dozen colonies, represent this species. The stems arise 
from a stolon creeping upon the surface of the fragment of Codiwm also invested by 
S. rathbum and S. heterodonta, from the former of which, indeed, they are almost 
indistinguishable to the unaided eye. The largest is only 6 mm. in height. The 
specific characters agree with those given by Nurrine (1904, p. 58), but the following 
variations were noted. The stem internodes are proportionally longer than in 
Nurtine’s specimens, for while in his examples the “height of the hydrothece is 
usually about equal to that portion of an internode which lies between the hydrothecal 
base and the node below,” in ours the latter distance considerably exceeds the former. 
Our hydrothecee, again, have a longer distal portion free from the stem, the result being 
that the proportion of the anterior adnate part to the whole length of the hydrotheca is 
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reduced from “about two-thirds” to about one-half. As seen from the anterior aspect 
the hydrotheca appears to be covered in by only two opercular flaps, the free margins 
of which run from the tip of one lateral tooth to that of the other; but when a 
lateral view of the colony is obtained, so that one can look directly on the operculum, 
another line is seen running from the mid point of the horizontal line connecting the 
lateral teeth to the median superior point of the aperture. This line presumably marks 
the margin of two contiguous flaps of the operculum, and it would therefore seem that 
three, and not two, are present. The determination, however, is one of considerable 
difficulty owing to the delicacy of the operculum. ‘The downward projecting processes 
from the base of the hydrotheca are long and evident. 


Measurements :— 
Internodes, length : : ; 5 : 0°63-0'78 mm. 
Me breadth . ; 3 5 : 0:05-0:06 _,, 
Hydrotheca, length of contiguous portion ; : 0:22-0:25 _,, 
sp 5 free portion* . 5 ; 0°21-0°22 ,, 
5 diameter near base : : : 0:08-0:09 _,, 
‘. at aperture : ; : 0:08-0:09 _,, 


Locality.—Growing upon seaweed (Codiwm, sp.) from Station 81, Abrohlos Bank, 
Brazil. Lat. 18° 24’ S., long. 37° 58’ W. 36 fathoms. Bottom deposit, coral. 20th 
December 1902. 


Sertularia heterodonta,*t n. sp. 


Growing upon the surface of a seaweed (Codiwm, sp.) in company with S. rathbuni 
and S. cornicina are numerous colonies of this more minute form. The simple 
unbranched stems arise from a creeping stolon and cover the weed as with a coat of 
delicate hairs. At first glance the colonies are hard to distinguish from those of 
S. rathbum, but on close examination their minuteness and delicacy render them 
distinct even to the unaided eye. The largest are only 6 mm. in height, 3°5 to 4 mm. 
being much more common. The hydrorhizal tube has a diameter a little greater than 
that of the stem, and is strengthened in places by chitinous processes projecting down- 
wards from its roof or upwards from its floor. 

The stems are divided into fairly regular internodes separated by distinct nodes. 
At the base two oblique nodes occur in succession, cutting off between them a short 
lozenge-shaped athecate internode. The remainder of the internodes are long and 
slender, narrower at the proximal end and very gradually increasing in diameter 
upwards, until by a sudden dilation at the top they form a broad bracket upon which 
the hydrothece rest. The thecate internodes are separated by straight nodes, but 
occasionally an oblique node occurs in addition, a small athecate internode being in 
such a case intercalated between the longer thecate individuals. 


* The “free portion” is measured from the line of the stem to the tip of the lateral teeth. 
+ €repos, other ; and éy7os, a tooth, indicating the presence of other than the usual marginal teeth. 
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An opposite pair of hydrothecz rests on each internode, six to seven or even ten 
pairs being found on one colony. ‘The hydrothece are set slightly on front of the stem, 
are always contingent in front for rather more than one-third of their total length, but 
remain separate behind. The free portion diverges abruptly at a wide angle. Viewed 
from the anterior aspect the sides of the adherent portion of a hydrotheca are parallel 
to the long axis of the stem, while those of the free portion converge towards the 
aperture. The contour lines, especially in the younger hydrothece, are remarkably 
straight and graceful. Beneath the innermost angle of the base there is a minute 
chitinous thickening, and another projects from the base into the interior of the 
hydrotheca. The latter appears to be roughly triangular in shape, the apex pointing 


a, 


Fic. 4.—Sertularia heterodonta. (a) Anterior aspect of stem. x60. (6) Lateral aspect of stem showing three-flapped 
operculum. x60. (c) Hydrothece with reduplicated margins, one regenerated margin bearing internal teeth. x 100. 
(d) Gonotheca. x 50. 


into the cup, the side towards the centre of the stem being thickened and concave, 
that remote from the centre sloping gradually till it merges with the hydrothecal floor. 
This process represents a small ridge bounding the posterior edge of the opening 
between hydrotheca and stem. ‘The margin of the hydrotheca is divided into three 
distinct and sharp teeth, the lateral pair the more prominent, the median and superior 
individual tilted slightly upwards. There are three opercular flaps, difficult to 
distinguish except when one is looking directly into the aperture of the hydrotheca. 
Just within the margin and projecting from the inner wall are three prominent internal 
teeth, triangular in shape, with blunt apices tilted towards the aperture. These 
alternate with the marginal teeth. In hydrothecee towards the base of the stem the 
superior pair appears occasionally to be undeveloped. Frequently the free portion of 
the tube is much elongated by the reduplication of the margin, and in some cases a 
new series of internal teeth is produced on the added portion (fig. 4, c). 
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The gonangium, of which I have been able to find only one example, is borne on 
the front of the stem immediately beneath a hydrotheca. It is oval in shape, tapering 
below to form a distinct stalk, and truncated above by a wide aperture. This is 
bounded by an insignificant thickened neck punctuated by small refringent chitinous 
swellings on the inner surface. The walls of the gonangium are smooth. 


Measurements :— 
Internodes, length 5 : : . : 0°46-0°62 mm. 
i diameter near base : : : 0:03-0:04 ,, 
Hydrotheca, length of contiguous portion 3 5 0-10-0'14 ,, 
s “3 free portion* . : : 0:14-0°15_,, 
2 diameter at base . : : : 0:06-0:07 _,, 
Py - » aperture ; ; : 0:04 mm. 
Gonangium, length .. ; ; 5 : O74 ,, 
maximum diameter : : : 0-41 ,, 


” 


One colony shows a pair of hydrothece at an early stage of development, ere yet 
the aperture, or the base, or the internal teeth had been formed. The stolon has so 
regulated itself to the papillated surface of the Codiwm upon which it is growing that 
the outline of its under surface is made up of a series of crescentic bays. 

The three-toothed margin, the three-flapped operculum, the prominent internal 
teeth, the presence of a projection from the base into the interior of the hydrotheca, 
together with the straight contours of the hydrothecz and the length of the internodes, 
are points which distinguish this species. It has affinities with S. linealis, Warren, 
1908. 

Locality.—Growing upon seaweed from Station 81, Abrohlos Bank, Brazil. Lat. 
18° 24’ §., long. 37° 58’ W. Depth, 36 fathoms. Bottom deposit, coral. 20th 
December 1902. 


Sertularia mayerr, Nutting, 1904. 


Small colonies, 5 mm. high—less than half the height of the type specimens—occur 
creeping on Saragassum weed. Their characters agree with Nurrine’s description and 
figures, and are identical with those of specimens collected by Mr CrossLanp at the 
Cape Verde Islands (Rircuiz, 1907, p. 505), although, owing to their smaller size and 
the consequent restriction of the number of hydrotheca-pairs (in the largest specimen 
mounted for microscopical examination there are only six pairs), the variation between 
the proximal and distal pairs is not so marked as in the larger Cape Verde specimens. 
Even here, however, the distinction between the distal long, narrow, closely forked, 
gradually separating pairs, and the proximal short, dumpy, wide-spreading pairs is 
sufficiently distinct and characteristic. It is indicated by the measurements below. 
In the majority of the calycles two lateral teeth and a smaller median and superior 
tooth, which succeeds an indentation in the wall of the hydrotheca and curves slightly 
upwards, are very evident. 


* From the line of the stem to the tip of the lateral teeth. 
TRANS. ROY. SOC. EDIN., VOL. XLVII. PART TI. (NO. 4). 11 
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Measurements (@ and b are distinct colonies) :— 


Basal. Distal. 


b b 


a, . a. . 
“42; 0°49 mm. | 0°56; 0°66 mm. 


Length of internode 0-4 
ss hydrotheca . : : | O29: -0°30) >, 0°38; 0°45 ,, 
_ Breadth of hydrotheca-pair from tip to tip : | 0-48; 0-46 ,, 0°56; 0°52 ,, 
4. is 5, at base + | 0:22 0:25). OIE 02 0ms 


Locality.—Creeping on gulf weed, Jat. 27° 54’ N., long. 83° 17’ W. 28th June 
1904. 


Sertularia operculata, Linneeus, 1758. 


Several small fragments of this species occur intertwined with other Hydroids from 
the same locality. The specimens are typical in branching and in minute structure, 
but a considerable amount of variation occurs not only in the length of the two 
hydrothecal teeth, but also in their prominence relative to each other (cf. HaRTLavs, 
1905, pp. 665, 666). Of the specimens figured by Professor HarrLavusB our examples 
most nearly approach those from West Patagonia collected by F. P. Moreno; but from 
those they differ in the proximity of the hydrothece, for the teeth of one may reach 
the level of the base of its successor. The present examples are also characterised by 
the exceedingly minute portion of the distal extremity of the hydrotheca, which is free, 
the proximal side of the aperture lying almost against the internode. 

The points above refer specially to the younger branches. On the older portions 
the hydrothecz are only sub-opposite, their length is less relatively to that of the 
internode, while a slightly longer distal portion is free. 

A few typical gonangia occur on the branches. They exhibit a tendency to 
asymmetry, the aperture lying towards the outer side of the axis of symmetry. 

The following measurements indicate the relations of the various parts :— 


Length of branch internode. ; ‘ : 0:33-0:50 mm. 
os stem internode ‘ : 4 : 0°54-0°61 ,, 
_ hydrotheca . ; : ; * 0:20-0:25 ,, 
; teeth : , , ; : 0:06-0'12 ,, 

Distance from tip to tip of a hydrotheca-pair . : 0:43-0°58 _,, 


Locality.—Dredged at the entrance to Saldanha Bay, Cape Colony, in 25 fathoms. 
21st May 1904. 

The distribution of this species is world-wide. In addition to its European localities 
it has been recorded from the coasts of North and South America, of Southern Asia, of 
Australia and New Zealand, and of Africa, although the records from the last continent 
are few. The African localities other than the Scotia record are as follows :— 

South Africa (Busk, 1850); Cape of Good Hope (Hugenie Expedition, JADERHOLM, 
1903); Port Natal (Professor J. A. WAHLBERG, J ADERHOLM, 1903); Mauritanian Coast 
(BittarD, 1906); North-West of Cape Blane, Soudan (Brtnarp, 1906). 
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Sertularva rathbum, Nutting, 1904. 


The specimens occur plentifully on a seaweed (Codiwm, sp.), standing erect and 
rigid on its surface, so that it appears as if covered with a sparse coating of delicate 
hairs. They are simple, altogether without branches, herein differing, but immaterially, 
from the specimens described by ALLMAN (1877), VERSLUYs (1899), and Nurrine, some 
of which bore pinnules, and they attain a height of only 10 mm. The structures of the 
stem are as previously described. The hydrothece are in opposite pairs, the individuals 
of which, in the distal part of the colony, are contingent for almost half their height, 
but the line of contact gradually decreases until in the proximal pair the individuals 


Fig, 5.—Sertularia rathbuni. (a) Anterior aspect of stem. 50. (b) Three-quarters view of hydrotheca showing 
three-flapped operculum. x60. (c)Gonangium. x 70. 


may be quite apart. Behind the stem the hydrothece are always separate. Beneath 
each hydrotheca, at the corner where base and inner wall meet, are two chitinous 
processes which project downwards and lie alongside the wall of the internode. These 
processes are more distinct in the older hydrothece. The margin of a hydrotheca is 
eut into three teeth, the lateral pair longer than the single superior tooth. There are 
three opercular flaps. 

Gonosome.—The gonangia, which have not previously been described, occur on 
many of the colonies. They are borne on the stem, from one to three in number, and 
arise immediately beneath hydrothecze towards the base of the colony. In the speci- 
mens which I have examined only one gonangium is apportioned to each hydrotheca- 
pair. ‘The gonangia are broadly ovate, marked with about six rather indefinite annula- 
tions. Proximally they taper into a short stalk, while distally they contract into a 
short wide neck, ornamented at its base by a circlet of bright spots, thickenings of the 
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erisare. ne contents of the gonangia were frequently missing, and in n 
Tl tents of the g f tly ge, and © case were 
they in a state fit for minute examination. 


Measurements :— 
Internodes, length : . : : 0°81-0°94 mm. 
3 breadth . , : ? ; 0:10-0:12 ,, 
Hydrotheca, portion free : ; : : 0:18-0°20 ,, 
e 5, fixed 3 : ; ; 0:27-0:28 ,, 
o diameter at mouth : : : 0:74 mm. 
Gonangium, length . : ‘ 3 : 0:60-0°63 _,, 
maximum breadth : ; ; 0-45-0°53,, 


” 


In general build, in possessing chitinous projections from the base of the hydrotheca, 
and in the structure of its gonangium, this species bears close resemblance to S. cormcina 
(M‘Crady) as described by Nurrine. The latter species, however, is to be distin- 
guished by the tubular shape of its hydrothecze, by the number of the marginal teeth 
and of the opercular flaps, by the narrowly oval outline of its gonangium, and by the 
fact that the gonangia are borne on hydrorhizal tubes at the base of the colony, and not 
on the stem. 

Locality.—Growing on a Plumularian, Halicornaria longicauda, and on seaweed 
(Codium, sp.), both from Station 81, Abrohlos Bank, Brazil. Lat. 18° 14’ 8., long. 37° 
58’ W. Depth, 40-50 fathoms. Bottom deposit, coral. 20th December 1902. 

Previously recorded only from the Gulf of Mexico: ALLMAN, 1877; VERSLUYS, 1899 
(Dry Tortugas); Nurrine, 1904, lat. 29° 28’ N., long. 87° 56’ W. 


Thuwaria articulata (Pallas, 1766), (= 7. pectinata, Allman, 1888). 


In the earlier report, a colony of this species was recorded under ALLMAN’s name of 
T. pectinata. The occurrence of an additional colony with gonangia reopened the ques- 
tion of nomenclature, and an examination of ALLMAN’s type was made (through the kind- 
ness of Mr R. Kirkpatrick, of the British Museum). The examination assures me of 
the identity of 7. pectinata, Allman, with 7. articulata, Pallas. 

The larger of our two colonies was some 6 cm. high, the height of ALLMAN’s speci- 
mens being also “ between two and three inches.” The colonies are simply pinnate, with 
a monosiphonic stem about 1 mm. in diameter at the base. The stem is partitioned into 
regular and well-marked internodes, each bearing three pairs of opposite hydrothece, 
and from between the proximal and median pairs arises a pair of opposite pinne. 
Proximal to the first pinna-bearing internode a few destitute of offshoots occur, and on 
these the number of hydrothece is not constant. Apart from these only one internode 
has been observed in which three pairs of hydrothece have not occurred; and it is 
clearly abnormal, for it lacks pinne, has but one pair of hydrothece, and is so short 
that the hydrothece project beyond it, free for nearly half their height. The pinne 
stand out from the stem at a wide angle, and they too are divided into distinct but 
less regular internodes, each bearing from two to five pairs of sub-opposite hydrothece. 
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(MARKTANNER-TURNERETSCHER (1890) gives the variation as from three to ten pairs 
per internode. ) 

The hydrothecz are almost wholly immersed, and the “‘ free membranaceous extension 
of the wall,” too prominently figured in ALLMAN’s account, has been destroyed (as indeed it 
was in the 7. pectinata specimen examined), leaving a jagged edge level with the general 
outline of the pinna. There is evident on the abcauline wall of the hydrothece, just 
within the opening, a small knob of chitin, and immediately above or upon this rests the 


Fic. 6.—Thuiaria articulata. (a) Single internode of stem with proximal internodes of pinne. x20, (6) Gonangium. 
x12. (c) Internode from 7, pectinata with hydrothece slightly apart. x20. (d) Internode from 7. pectinata with 
congested hydrothece. x 20, 


base of the one-flapped operculum. On the stem internodes and on the younger pinne 
the hydrothecz are slightly apart from each other, but in the older pinne they are 
compressed and lie closely packed, the distal end of one forced against the base of its 
successor (cf. fig. 6, c and d). 

The gonangia are clustered on one face of the stem and on the corresponding 
faces of the pinne. They arise immediately beneath a hydrotheca, are elongate 
oval in shape, with a wide, circular, distal opening bordered by a distinct neck, 


and with a tapering proximal end. ‘Their distal half bears more or less indefinite 
annular rugosities. 
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Measurements :— 
Scotia Allman’s 
Specimens, T. pectinata, 
Stem internodes, length 2°25 mm 2°75 mm 
Hydrothece on stem, length 0:50 _,, 0°52 
: - breadth : OT” 5 0:20 _~—,, 
Fi on pinna, length : : 0-45, O48 ;, 
- i breadth 3 Ohh: ,, Ors = is, 
Gonangia, length ‘ 3 sy ) 
5 greatest diameter. 1) 5p f pop mes 


ALLMAN’ specimens are somewhat more robust than those collected by the Scotza. 

Locality.—Dredged at the entrance to Saldanha Bay, Cape Colony, at a depth of 
25 fathoms. 21st May 1904. 

The species has been recorded from Algoa Bay and Cape of Good Hope (KircHEN- 
PAUER, 1884); South Africa (Busk, 1850); Simon’s Bay, Cape of Good Hope (ALLMan, 
1888). 


Plumularia curvata, Jiderholm, 1904 (=P. magellanica, Hartlaub, 1905). 


Dr JApERHOLM has kindly drawn my attention to the fact that the species recorded in 
my earlier report on the Scotza collections as P. magellanca, Hartlaub, had been pre- 
viously described by him as P. curvata, which name I therefore substitute for Harr- 
LAUB’S synonym. A variation which does not seem to have been present in the examples 
examined by JADERHOLM or HarTLavus was described and figured in the earlier report 
(pl. i, figs. 1, la); here I wish simply to add that that variation is more general in the 
hydroclades than I had at first supposed. My previous description reads :—‘‘In the 
proximal hydroclades . . . . two processes arise below and at the opposite sides of the 
first hydrotheca, each of which bears a thecate internode, so that after the first hydro- 
theca the hydroclade possesses two diverging branches each similar to the simple 
distal hydroclades” (1907, p. 541). But this duplication of the hydroclade occurs 
not only at the first hydrotheca but sometimes at successive hydrothece as well. From 
beneath the first hydrotheca two diverging internodes spring, each capped by its 
hydrotheca ; from the bases of each of those second pairs arise, and from these again, 
and so on in a system comparable to the false dichotomy of the Mistletoe, until 
dichotomous pairs of even the fourth degree may be reached. Some of the hydroclades 
thus assume a complicated and much-branched appearance, quite distinct from the simple 
type figured by JADERHOLM (1905, pl. 14, fig. 10) and Harriavs (1905, p. 684, fig. N°). 


Measurenients :— 
Stem internode, length ; . : : 0:42-0:52 mm. 
93 % breadth ; i , ‘ 011-0°13 ,, 
Hydroclade internode, length . - ‘ 5 ; 0:24-0:28 _,, 
Hydrotheca, depth ; ; 3 ; ‘ 0:10 PP 


3 diameter at mouth , ; ‘ O1520: i 
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Locality.—‘‘ Growing on a sponge, Port Stanley, Falkland Islands. 3rd February 
1904.” 

Previous records are from Port Louis and Port Albemarle, Falkland Islands (J ADER- 
HOLM, 1905); Southern Tierra del Fuego, and Island Picton in the neighbouring 
archipelago (HarTLavs, 1905). 


Plumularia echinulata, Lamarck, 1836. 


In addition to a previously mentioned occurrence at Cape Town, a second locality, 
also in Cape Colony, has to be recorded, namely, Saldanha Bay. The specimens from 
this place, while rather smaller in size than the Cape Town examples, are similar in 
minute structure, except that in the former the hydrotheca-bearing internodes are rather 
shorter, and the hydrothece therefore more congested, than in the latter. 

The gonangia are elongate oval, considerably longer in proportion to their diameter 
than those figured by Hincks (1868, pl. lxv., fig. 2b), and possessing shorter and 
more regularly arranged spines. They stand out from the median aspect of the stem 
in a densely packed row. 

Locality.—Shore, Houtjes Bay, Saldanha Bay, Cape Colony. 19th May 1904. 


Plumularia lagenfera, var. septifera, Torrey, 1902. 


Whereas typical specimens of P. lagenifera are about three inches long, are some- 
times branched, and grow in flexuous clumps, the specimens which I have referred to 
ToRREY’s variety are short (only 7 mm. high), never branched, and are markedly rigid 
in habit. The detailed structure is that of a compressed P. lagenifera, where the inter- 
nodes have become shorter and comparatively stouter, while the internal septa have 
become more distinct. In conjunction with the general shortening it has come 
about that in the intermediate internodes there is generally but one septum, 
although our specimens differ from those described by TorrEy—where “ no intermediate 
internode has more than one septal ridge”—in that, in several, there are traces of a 
second ridge on the distal side of the nematophore, while in at least one case the second 
ridge is quite pronounced. Torrey is equally emphatic that “there is never more than 
one internode between thecate internodes,” but I have observed a case in which two 
successive athecate internodes occurred, the distal being much the shorter and lacking 
anematophore. There was no evidence that this duplication was due to abnormal 
growth, such as regeneration. These variations, however, only show more clearly the 
relationship between this form and P. lagenifera type, and confirm Torrey’s placing of 
it as a variety of that species. 

In one point the Scotia specimens differ both from the type and from the variety, 
for they show no trace of a nematophore on any internode “on side opposite branch 
[v.e. hydroclade] and immediately distal to the proximal septum.” 
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Between the hydroclade and the internode process on which it is set occur from one 
to three athecate internodes. The hydrorhizal tubes are close-set, are compressed from 
above downwards, and are supported by thickenings of the perisare which project into 
the interior of the tube. Somewhat similar thickenings I have already seen in the 
hydrorhiza of a species of Podocoryne (Rircute, 1907, p. 499) which was growing on 
a minute shell. In both cases it is possible to imagine that the thickenings may be 
in some way correlated with the peculiar substratum upon which the specimens are 
growing, for either on a small, readily tossed shell, or on the ever-moving appendages of 
a Crustacean, hydrorhizal tubes would be submitted to a great amount of buffeting and 
rough usage. Reaction to such abnormal external factors might result in abnormal 


a. 


Fie. 7.—Plumularia lagenifera, var. septifera. (a) Portion of stem and hydroclade. 100. (0) Base of stem 
arising from complicated hydrorhizal growth with scattered nematothece. 


strengthening of the walls. Should such a supposition be well founded, the thickenings 
in the hydrorhizal tubes could have little systematic value. Frequent nematophores, 
similar in structure to those on the remainder of the colony, arise from the hydrorhizal 
tubes at irregular intervals, but always near their borders. 

The differences between this form and P. lagenzfera in size, in habit, in the intensity 
of the internal septa, in the absence of a nematophore on each stem internode, and in 
possessing chitinous thickenings in the hydrorhiza, I do not consider sufficient to warrant 
the formation of a new species. 


Measurements :— 
Stem internode, length ; ; ‘ 5 0:26 mm. 
3 breadth : ; : : Olds | 
Hydroclade thecate internodes, length ; : 0:24 ,, 
- athecate . 9 : 3 0:05 ,, 
Hydrotheca, depth . 5 ‘ ; : 0:066-—0:090 mm. 


Pe diameter at margin : : . 0:105-0'120 ,, 
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Locality.—A few colonies growing on the telson and under-parts of the body of 
Palinostus lalandvi (Lamk.) from Saldanha Bay, Cape Colony. 21st May 1904. 

Distribution.—Plumularia lagenifera, Allman, has been recorded from various locali- 
ties off the coast of California by MaRKTANNER-TURNERETSCHER (1890, p. 255), Nurrine 
(1900, p. 65), Torrey (1902, p. 77); from the neighbourhood of Vancouver Island by 
ALLMAN (1885, p. 157), Nurrine (/.c.); and from the coast of Alaska by Torrey (/.c.). 
The variety septifera has been recorded by Torrey only from Cataline Island, California. 
The general distribution of the species and its variety is thus along the shores of the 
Northern Pacific from California northwards to Alaska. That the present specimens 
should have occurred on the eastern margin of the South Atlantic is indeed remarkable ; 
but, in so mobile a group as the Hydroids, wide distribution is of little significance, and 
the above record but adds another to the long list of species which spread beyond the 
bounds of any one ocean. 


Plumularia setacea (Ellis, 1755). 


Specimens of an exceedingly minute and delicate variety of this species occur 
creeping on gulf weed in company with Aglaophena latecarmata. They are only 7 or 8 
mm. high, and are unbranched, although in one case an appearance of bifurcation at the 
base (a phenomenon recorded by BrtuarD in this species (1907, p. 210)) was given by 
a second colony being fixed to the first by its hydrorhiza. The hydroclade internodes, 
both thecate and athecate, are long and slender and contain two distinct septa, a distal 
and a proximal. While the rule is that a single athecate internode separates two thecate 
internodes, very rarely two intermediate internodes occur, in which case one or the other 
bears a single nematophore, the other lacking such an organ. Yet each of the internodes is 
complete as regards the internal septa, containing one at each end. They are distinct inter- 
nodes and seem to be due to spontaneous variation, for no hint could be observed that, as 
Bitiarp found in his specimens, rupture and subsequent regeneration had taken place. 

Our specimens appear to be similar to the “ distinct variety” recorded by Professor 
Norrine from gulf weed (1900, p. 57), although Nurrine’s specimens differ in being 
branched. 

Detailed measurements indicate that the Scotva specimens stand intermediate to the 
variety found by the T7ravailleur at Cape Spartel and to the south of Madeira, and the 
typical form whose dimensions BiLLarD records. 


Measurements :— 
Height of colony : : ; " F 7-8 mm. 
Length of stem internodes : ‘ d : 0°33-0°39 mm. 
Breadth of _,, 5 : 5 : . 0:075-0:09 ,, 
Length of intermediate internodes ; : : 0°14-0°21 ,, 


6 thecate internodes . 5 : ; 0:31-0:40 ,, 
Breadth of ,, s , : : 0:42—0°48 

Locality.—Creeping on gulf weed found in spawn net at Station 538. Lat. 32° 11’N., 
long. 34° 10’ W. 30th June 1904. 
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Antennopsis scotix, Ritchie, 1907. 


An additional colony of this species from the locality from which it was originally 
recorded enables me to amplify the diagnosis already given and to add a description of 
the gonosome. The new colony is of the same height as the larger of our earlier speci- 
mens, 9 cm., but it bears more branches and is altogether in better condition, although 
here also the hydroclades are in many places wanting. Branches are frequent, but are 
very irregular in position. They may bear secondary branches which are long, of uniform 
thickness, and are seldom branched. The stem and branches are composed of a thick 
bundle of tubes with transparent walls and without nodes. From short processes on the 
outermost of these the hydroclades spring, followimg one another on the same tube at a 


Fic, 8.—Antennopsis scotie, (a) Portion of hydroclade showing thecate and athecate internodes, and arrangement of 
nematothece. x65, (b) Gonotheca, x 45. 


distance of some 0°73 mm., and thus forming a close-set coat round the branches. In 
consequence of the delicacy of the hydrothecal margins a perfect hydrotheca is rare, but 
where such occurs it shows a slight widening at the mouth. 

An important addition has to be made to the previous description of the trophosome 
as regards the number of the nematophores accompanying the hydrotheca. Besides the 
median proximal nematophore and the lateral pair surmounting the processes which run 
alongside the hydrotheca, there is a supplementary lateral pair, the individuals of which, 
one on each side of the hydrotheca, rest on the upper surface of the lateral process 
almost in the corner formed between it and the internode (fig. 8). These nematophores, 
although of similar structure to, are considerably smaller than, the others, and are so 
delicate that they are frequently absent, their former position being marked only by a 
small opening in the lateral process. They correspond exactly to the supp nena 
nematophores described in Antenella quadriaurita of the present paper. 

The athecate internodes show more variation than in the former specimens, 
their length in many cases preventing the margin of a hydrotheca from reaching 
the level of the proximal end of the succeeding thecate internode. Only two 


THE HYDROIDS OF THE SCOTTISH NATIONAL ANTARCTIC EXPEDITION. 91 


deviations from the normal structure of the athecate internodes have been observed 
where, instead of one, two nematophores were present. 

Gonosome.—The gonangia arise laterally from the hydroclades. They are situated 
immediately beneath the hydrothecee on a short process from the hydroclade internode, 
between which and the body of the gonangium a short internode intervenes. In size 
a gonangium is three or four times as large as a hydrotheca; in shape it is broadly 
ovate, tapering proximally into a short stalk which rests upon the intervening internode 
mentioned above, and abruptly truncated distally, where the large terminal aperture is 
closed, prior to the maturity of the contents, by a one-flapped operculum attached by 
its abeauline edge to the wall of the gonangium. Two large nematophores are present, 
one on each side of the gonangium near its base. 


Measurements :— . 
Athecate internodes, length* . ; ‘ : 0°28-0°32 mm. 
Thecate 3 Be eM jf 3 amy : 0°36-0°38 _,, 
Hydrotheca, length . , . _ : 0:20-0:24 ,, 
i breadth at mouth. : : ; 0-21-0°24 ,, 
Gonangium, length. ‘ ‘ : ‘ 0:88-0°91 ,, 
5 greatest breadth . ; : 5 0°53-0°57 _,, 


Locality.—As previously recorded—entrance to Saldanha Bay, Cape Colony. 25 
fathoms. 21st May 1904. 

Growing on a sponge from the same locality were several simple colonies up to 
7mm. high. Although there are no signs of fasciculation, nor even of true branching, 
the minute structure corresponds so exactly with that of A. scotie that I cannot but 
conclude that the small colonies represent an early stage of that species. ‘I'hey bear no 
gonangia. 

Monostechas quadridens (M‘Crady, 1859). 


Two minute colonies of this species were found growing on the leg of a masked 
crab. They differ from the typical form described by Nurtine (1900, p. 75) only in 
their minuteness—they are less than 1 cm. high—and in the length of the athecate 
intermediate internodes of their hydroclades. Although each bears two or three hydro- 
clades, neither of the colonies is branched ; yet circular holes at the bases of some of the 
hydrothecz, indicating the point where a gonangium had been attached, show that the 
colonies are mature. The unusual position in which the colonies were growing is 
probably responsible for their smallness, for an unstable foundation is frequently 
accompanied by a dwarfed fauna. 


Measurements :— 
Stem, diameter ; ; ¢ : : 0°14 mm. 
Thecate internodes, length . ‘ ‘ a 0°42-0°46 mm. 
Intermediate internodes, length ; ; : 0:56-0°73 ,, 
Hydrotheca, depth : : 5 ‘ : 0°15-0°17 _,, 


i diameter at opening : ; : 0:20-0:22 


” 


* Length measured from straight node to furthest point of oblique node. 
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Locality.—Growing amongst seaweed on the leg of a masked crab. Station 81, 
Abrohlos Bank, Brazil. Lat. 18° 24’ S., long. 37° 58’ W. Depth, 36 fathoms. 
Bottom doposit, coral. 20th December 1902. 


Antenella quadriaurita,* sp. nov. 


A few sparse colonies which cannot be referred to any described species of Antenella 
were trawled off Gough Island. The stems, the largest of which is 14 mm. high, are 
hairlike and stand out rigidly from a creeping stolon like a group of stiff bristles. To 
the unaided eye the stem groups much resemble the figure of A. gracilis given by 
ALLMAN (1877, pl. xxii, fig. 6), but in our specimens the stems are more delicate, and, 
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Kic. 9.—Antenella quadriaurita. (a) Portion of stem. x25. (6) Anterior aspect of a hydrotheca, x 125. 
(c) Lateral aspect of a hydrotheca. x 125. 


owing perhaps to mere accident, they are more irregular in size and more straggling in 
arrangement. ‘The stem is divided into a series of alternating thecate and athecate 
internodes, the boundary lines between these being oblique and very distinct on the 
proximal side of the thecate internode, and on the distal, transverse but faintly indicated. 
On the stems examined the maximum number of hydrothecee was nine, but that a 
greater number may be borne is likely, as in both the “nine” colonies the stem was 
incomplete. ‘The hydrothecz are borne on every other internode. As seen in profile 
they are cylindrical, having almost parallel edges, but viewed from in front they seem 
to be conical in shape, tapering rapidly to the base. A hydrotheca is rather deeper 
than broad, and for more than half its height is free from the internode. Its profile is 
straight, and its margin is very slightly everted. 

Kach thecate internode bears five nematophores: one median, placed on a gently 


* Quattuor, four ; and auritus, eared, signifying the presence of two pairs of nematothece flanking the hydrotheca. 
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raised portion of the internode on the near side of the hydrotheca ; a supracalycine pair, 
each individual of which reaches just to the margin of the hydrotheca and rests upon 
the end of an internodal projection stretching half-way across the hydrotheca; and an 
additional pair—supplementary nematophores—placed on the upper and exterior surface 
of the supracalycine process, almost in the angle between that process and the inter- 
node. ‘The latter are extremely fragile and readily detached, so that in many cases 
they are unrepresented but by a small pore in the wall of the supracalycine process, 
indicating where they had been attached. ‘The intermediate internodes bear a number 
of nematophores varying from two to four, but three is the most frequent number. 
Thus, in twenty intermediate internodes examined, eight bore two nematophores, eleven 
bore three, while only one had four. On the athecate basal internodes, three of which 
generally follow one another in close succession prior to the first hydrotheca, the 
nematophores also vary. Of nine such, four had four nematophores, two had five, while 
series of two, three, and seven nematophores were represented on one internode each. 


Measurements :— 
Thecate internode, length*  . : : 5 0°46 mm. 
Intermediate internode, length * : f ; 0:57-0:91 mm. 
breadth : : : 0:07-0:087 ,, 
Hydrotheca, depth : : E : ; 0:21-0:22 ,, 
* diameter at margin . 5 : 0-17-0°21 ,, 


This species is closely related to Plumularia secundaria (L., 1789, p. 3854), which, 
if the genus Antenella is to be preserved, and it seems a useful one from the point of 
- view of practical convenience, must be transferred to that genus. The present species 
has been separated from dA. secundaria on the strength of observations made by 
MarRKTANNER-TURNERETSCHER (1890, p. 252), Piorer and Brpor (1900, pp. 27, 28), and 
Bittarp (1907, p. 207), all of whom record the presence of a single nematotheca 
immediately above the hydrotheca, whereas in our specimens the hydrotheca is flanked 
by a paar of nematothecz in addition to the usual supracalycine pair. The athecate 
internodes in the Scotia species are twice the length of those in A. secundaria, and the 
other parts differ in their relative proportions, but little stress can be laid on so indefinite 
and so variable a character. | am unable to distinguish A. natalensis, Warren, 1908, 
from A. secundaria. 

Locality.—Gough Island. Trawled at a depth of 100 fathoms. Bottom deposit, 
Bryozoa and rock. 23rd April 1904. 


Aglaophema allmani, Nutting, 1900. 


Two specimens are referred to this rare species. One is a comparatively small 
colony, 6°5 cm. high, still retaining some fragments of the hydrorhizal tubes. The 
other is a strongly fascicled branch, with a diameter of 1°5 mm. at its junction with 


* Measured from straight node to furthest point of oblique node. 
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what is probably part of the main stem, and with a height of 7°5 cm. It bears rather 
delicate alternate ramuli which leave it almost at right angles. 

While the general characters—branching, structure of hydoclades, shape and 
approximation of hydrothecze, position of nematophores—agree with the descriptions of — 
ALLMAN (1877, p. 39, pl. xxii., as A. ramosa) and of NuTrinG, variations worthy of note 
have been observed in the last-mentioned organs. These variations seem to be mainly 
age differences. In the hydrothecee on the proximal parts of the hydroclades the mesial 
nuematophore reaches to the level of the marginal teeth, and is adnate, all but the very 
tip. The supracalycine nematophores are generally cylindrical, with two apertures— 
one terminal, the other a large oval opening on that side of the upper surface which is 


Fic. 10.—Aglaophenia allmani, showing variation in hydrothece and nematothece. (a) Hydrothece from the proximal 
end of a hydroclade. 65, (6) Hydrothece from the distal end of a hydroclade. x 65, 


towards the interior of the hydrotheca. Rarely this opening is much elongated, and 
extends through the band of perisare which separates it from the terminal opening. In 
such a case a single continuous opening is formed and the nematophores might be 
described as “almost cylindrical.” The tip of a supracalycine nematophore reaches just 
to the margin of a hydrotheca. Its axis, viewed from the side, lies at an angle of about 
45° with the stem. ‘lhe nematophores, in general, agree with the type so far described. 

In those hydrothecze which occur towards the tip of the hydroclades, and which are 
therefore younger, the aperture is less oblique, while the adnate part of the hydrotheca 
is of the same length as in the older examples. As a consequence the mesial 
nematophore, although shown by measurement to be constant in length throughout the 
colony, appears to be shorter in the newly formed hydrothece, since its tip falls con- 
siderably short of the margin. The supracalycine nematophores are of markedly greater 
length, overtopping the margin by about 0°056 mm., are quite cylindrical, and lie with 
their axis (viewed from the side) more nearly parallel to that of the internode. The 
lateral aperture is smaller and is never continuous with the terminal one, and the 
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internodal septum which in the older hydrothecee marks the base of the nematophore is 
indicated in the terminal individuals only by a minute indentation. 

I think, with Nurrie, that the general structure of the trophosome of the colonies 
resembles that of Lytocarpus rather than that of Aglaophenia. 


Measurements :— 
Stem internodes, Jength ; : : 0°39-0°45 mm. 
5 5 breadth ’ 5 ; ; O:22=0:24 |; 
Hydroclade internodes, length . ; : 0:°38-0°42__,, 
Hydrothece, length *. é : ; 0°35 mm. 
“3 diameter at margin ; ; s OPI op 
Mesial nematophore, length . : : O2385e. 


Supracalycine nematophores, length of longest side, 0°11 mm. at base of hydroclade to 
0:14-0:17 mm. at distal end of hydroclade. 


Locality—Station 81, Abrohlos Bank, Brazil. Lat. 18° 14’ S., long. 37° 58’ W. 
Depth, 36 fathoms. Bottom deposit, coral. 20th December 1902. 

Distribution.—Only recorded from Florida Reef, in the Gulf of Mexico (by ALLMaN), 
and from a station in the Caribbean Sea (by Nurrine). 


Aglaophena dubia, Nutting, 1900. 


Two specimens of this species, the A. gracilis of AtLMAN’s Gulf Stream Report 
(ALLMAN, 1877), were collected in the same locality—one simple, reaching a height of 
6 cm., the other sparsely branched and rather longer. The anterior profile of the 
hydrotheca is not so markedly concave as in ALLMAN’s figure, nor is the mesial 
nematophore quite so long relatively to the height of the hydrotheca. The hydrothecee 
haye nine teeth (NuTTING says “about eight”), of which one on each side lies behind 
the supracalycine nematophores and is more acute than the others, while the anterior 
tooth is usually recurved. ‘The number of the basal nematophores differs from that 
recorded by ALLMAN and Nortina, for not only are two present on the front of each 
stem-internode (one close to the hydroclade and one on the proximal portion of the 
internode), while another small one lies at the base of the hydroclade, close to the former 
of those just mentioned—but, in addition, a large cup-shaped nematophore exists on the 
posterior aspect of internode, immediately behind the base of the hydroclade. Other- 
wise the specimens agree, point for point, with previous descriptions. 


Measurements :— 

Stem internodes, length ; : : i ‘ 0-52 mm. 

a a breadth . ; ; : 0-31 ,, 

Hydroclade internodes, length , : j : 0:36 ,, 

es a breadth at middle . , : 0:05 ,, 

Hydrothece, height : : , : O'32"%, 

a diameter at margin ; : : : 0714 ,, 

Mesial nematophore, length : : : , Oli 5, 


* Length of hydrotheca measured along the internode from the base of the cavity to the margin. 
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On the branched specimen two branches, which appear to belong to the colony, since 
they lie in the same plane and leave the stem at the same angle as the true branches, 
were found, on microscopic examination, to be specimens of Halicornaria longicauda, 
arising from hydrorhizal tubes climbing upon the stem of the Aglaophema colony. 

Locality.—Station 81, Abrohlos Bank, Brazil. Lat. 18° 14’ 8, long. 37° 58’ W. 
Depth, 36 fathoms. Bottom deposit, coral. 20th December 1902. 


Aglaophenia heterodonta, Jiderholm, 1903. 


Dr Exor JApERHOLM has described amongst the extra-EKuropean Hydroids in the 
Swedish Museum specimens of A..dichotoma (M. Sars), as distinct from a form with 
similar habit which he has named A. heterodonta. I now regard the specimens which 
were described in the earlier Scotia report under the name of A. dichotoma as examples 
of A. heterodonta. 

Additional material enables me to add to JADERHOLM’s description of the general 
habit of the colonies. His specimens were characterised by irregularly ramified stems 
bearing short, upward curling twigs. Our specimens exhibit two types. The first, pre- 
viously described (Rrrowin, 1907,” pl. iii. fig. 2), is strictly dichotomous, although the 
branches may not develop equally in all parts of the colony. This type of branching 
is exactly similar to that of A. dichotoma. The dichotomously branched specimens 
were growing on a sponge, and are considerably taller (10 cm.) than JADERHOLM’S 
examples (3°5 cm.). The habit of the second type is distinctly reminiscent of that of, 
A. conferta, Kirchenpauer, 1872; that is to say, simple curved stems spring in pro- 
fusion from a hydrorhiza creeping upon an alga. ‘There is no sign of branching. The 
largest of those colonies is only 18 mm. high, but that they are fully developed is 
shown by their sexual maturity, for several bear corbulee with male gonophores. The 
minute characters of the two types of colonies are identical, and agree with those of 
A. heterodonta. It may be, however, that this is but a synonym of A. conferta, 
the only characters which seem to separate the latter being the absence of an 
unpaired anterior reflexed tooth (which, however, appears to be present in KiRcHEN- 
PAUER'S figure); the outward, instead of the inward, direction assumed by the pair 
of teeth nearest the stem; and the angled nature attributed to the supracalycine 
nematophores. However, it is only by examination of KiRCHENPAUER’S type that 
such a question could be decided. 

That the branched and unbranched colonies are found on two different types of 
substratum probably indicates that they are environmental modifications; the fixed, 
settled colony (that on the sponge) becoming luxuriant, while the drifting, unsettled 
colony (that growing on the alga) tends, as do so many alga-borne Hydroids, to remain 
dwarfed and of simple habit. 

The development of the corbula differs slightly from that of A. pluma as described 
by ALLMAN (1871, p. 59) and Nurrine (1900, p. 40), for the leaves develop less simul- 
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taneously. While in Nurrine’s specimens all the leaves had made their appearance before 
even the primary pair had reached full development, here, when only five pairs are 
recognisable, the two first-formed pairs are already full grown; and when six pairs are 
visible the earliest three have reached full development, the later ones being in a state 
of decreasing perfection. 

While some of the corbule are wholly closed some remain partially open, their 
leaves, at least towards the tip, bearing nematophores on each side, and remaining 
separate from each other. In the latter case the gonophores are always male, in 
the former no gonophores remained; but since maleness and openness go together, 
as they do in so many other cases, it seems probable that in this species we have 
an example of sexual dimorphism of the type described by Mr H. B. Torrey and 
Miss Martin (1906). 

The depth of a hydrotheca varies from 0°27 to 0°28 mm., its diameter at the mouth 
from 0°17 to 0°19 mm. ; measurements agreeing with those of J ADERHOLM. 

Locality.—On sponges and algze from the entrance to Saldanha Bay, Cape Colony. 
Depth, 25 fathoms. Bottom deposit, sand and kelp. 21st May 1904. 


Aglaophena minima, Nutting, 1900. 


Two colonies (the larger 1 cm. high) are distinguished by their cylindrical, keelless. 
hydrothecz with short projecting mesial nematophores as belonging to this species. In 
addition to the septal ridge, mentioned by Nurrine, which traverses the hydrotheca- 
bearing internode at the level of the intrathecal ridge, another is evident opposite the 
base of the supracalycine nematophores. The opening of the hydrotheca is bordered 
by nine, instead of by eight teeth ; and in the mesial nematophore of some of the hydro- 
thecze a slight chitinous constriction, almost in line with the profile of the hydrotheca, 
is apparent. ‘The nematophores on the stem internodes are arranged as follows :—A 
solitary long nematophore on the front and at the proximal end of the internode ; and in 
the angle between the hydroclade process and the stem, a double nematophore, with two 
diverging processes each bearing a terminal aperture. Only a single opening, however, 
connects the cavity of the double nematophore with that of the colony. The hydroclade 
process itself bears a large simple nematophore on its anterior surface, and to this appears 
to be due the bifurcated appearance mentioned by Nurrtine. 

No gonangia were present. 


Measurements :— 
Stem internodes, length : F : 3 0°45-0°56 mm. 
5 diameter : ; ; : 0:08-0°10 ,, 
Hydroclade internodes, length . : : : 0°39 mm. 
Hydrotheca, depth : ; : : : 0°34 _,, 
*; diameter at mouth ‘ ; ; 0:14 


” 


Locality.—Growing amongst seaweed on the leg of a masked crab. Station 81, 
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Abrohlos Bank, Brazil. Lat. 18° 24’ §., long. 37° 58’ W. Depth, 36 fathoms. Bottom 
deposit, coral, 20th December 1902. 
Previously recorded from Little Cat Island, Bahamas (Nurrinc). 


Aglaophenia latecarinata, Allman, 1877. 


This common tropical species, identical, as shown by the researches of Professor 
Norzine (1900, p. 96), with the A. minuta of Frwxkes (1881, p. 132), occurs 
among the Scotia collections in its usual habitat, creeping upon the fronds and 
bladders of Saragassum weed. The specimens, the largest of which are 13 mm. high, 
correspond with Nurrine’s description in all points but one. For while he mentions only » 
two nematophores at the base of each hydroclade, I have observed in all cases four 
nematophore apertures, the two recorded by Nurrine, and, in addition, lying immedi- 
ately distal to the internodal process from which the hydroclade projects, in the axil 
between it and the stem, a double nematophore, possessing two apertures, one directed 
to the right, the other to the left of the hydroclade process. The ccenosare of this 
nematophore connects with the general ccenosare of the colony through a single median 
perforation in the internode wall. A similar arrangement of nematophores occurred in 
the specimens examined by Bittarp (1907) and VerRsLuys (1899). As the following 
comparative table shows, our specimens are, in all respects, somewhat larger than those 
described by BrtLarp :— 


Scotia Specimen. BILLARD's Talisman 
Specimen, 
Length of hydrocaulus ‘ : : 6-13 mm. 5-6 mm. 
Breadth of 5 : : : 0-1-0°13 mm, 0-:08-0'12 mm. 
Length of stem internodes. : F 0:34 mm. 0°25-0°30 ,, 
af hydrotheca ; : : 0:31 ,, 0:27-0°30 ,, 
Breadth of hydrotheca at mouth (excluding 
keel) , : é : Olay, 0°135 mm. 
Breadth of keel . ; : ; 0:03 ,, q 


Locality.—On floating Saragassum weed, caught in spawn net. Station 538, 
Lat. 32° 11’ N., long. 34° 10’ W. 30th June 1904. 


Halicornaria longicauda, Nutting, 1900. 


At first glance one of the specimens which I have referred to this species appears to 
be a fascicled colony with alternate branches ; but closer scrutiny shows that there is 
present a central axis with the remains of hydroclades, and that around this are grouped 
tubes which in their distal portions are continued as the so-called branches, and in the 
proximal appear to form the hydrorhizal tubes of the compound colony. The specimen 
really consists of a central axis upon which several distinct Halicornarza colonies happen 
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to be creeping. The clustered hydrorhizal tubes of these create the resemblance to 
fascicling, but the structure is analogous rather to the rhizocaulom often exhibited by 
Lafoéa dumosa than to a truly fascicled stem. The rhizoid nature of this compound 
stem is confirmed by another specimen (Aglaophenia dubia) from the same locality, 
where the two lower branches, at least so they appear to the eye, turn out to be distinct 
climbing colonies of H. longicauda. 

The largest of the colonies found by the Scot#a is 11 cm. in height. The specific 
characters agree with those given by Professor Nurrinc, but in our specimens the 
hydrothecee appear to have undergone a greater degree of tilting forward than his 
figures indicate, while the lateral teeth are more strongly developed. The aperture is 
vertical and slightly constricted, with a sharp tooth projecting upwards and outwards 
on either side. The intrathecal ridge is well marked, arising near the middle of the 


Fic, 11.—Halicornaria longicauda, Hydrothece showing variation in the length of 
the median nematophore. x 110. 


adnate portion of the mesial nematophore and extending backwards at an angle of 45° 
with the axis of the hydroclade. Its free edge is slightly reduplicated. The supracaly- 
cine nematophores are short and stout, and when viewed from the front appear clearly 
above the hydrotheca, although they do not reach the margin of the aperture. The 
mesial nematophore varies greatly in length ; considerable differences may be seen even 
in two succeeding hydrothece. Sometimes shorter than in the examples figured by 
Norrine, it may, on the other hand, extend far beyond the margin of the hydrotheca, 
and, curving gracefully upwards, its tip may reach the level of the upper portion of the 
rim. There are three cauline nematophores (not two, as Nurrine implies) clustered 
about the stem process on which the hydrotheca rests. Two lie on the anterior surface, 
one at the distal, the other at the proximal side of the stem process, while one lies on 
the posterior aspect of the process itself. They are triangular in shape and large, 
normally with two apertures, one at each of the free angles of the triangle, but 
occasionally showing, as a variation, a third aperture, situated medianly between the 
normal two. 
The gonosome is unknown. 
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Measurements :— 
Stem internodes, length 2 : ; : 0°29-0°35 mm. 
a breadth ; ; : ; 013-0716 ,, 
Hydroclade internodes, length . ; F : 0-25-0°29 _,, 
Hydrotheca, depth . i ‘ : : 0°14 7 
Bs vertical diameter at margin : ‘ 0°13-0°14 ,, 
“ horizontal ,, 3 : ; 0:18 ss 


Locality.—Station 81, Abrohlos Bank, Brazil. Lat. 18° 14’ 8., long. 37° 58’ W. 
Fathoms, 36. Bottom deposit, coral. 20th December 1902. 

Distribution.—The only record given by Nurrine is from the Caribbean Sea near the 
Isthmus of Panama (lat. 9° 32’ N., long. 79° 55’ W. 36 fathoms). The present 
locality, alsoa shallow water one, is off the coast of Brazil near Porto Alegre—a consider- 
able southwards extension of the known range. 
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V.—The Meteorology of the Weddell Quadrant and Adjacent Areas. 
By Robert C. Mossman. (With Five Plates.) 


(MS. received July 6, 1908. Read July 20,1908. Issued separately June 9, 1909.) 


Having been struck by the evident importance of Antarctic phenomena in relation 
to the climatic condition of lower latitudes, I have endeavoured in the following 
discussion to give a complete representation of these conditions, and to trace their 
bearing on the climate of sub-Antarctic and temperate zones. It is only now that 
sufficient data are available for such a purpose. I have been singularly fortunate, 
not only in the opportunities which I have had for obtaining access to valuable data, 
but also in the possession of that “practical” knowledge which has resulted from 
my two years residence in the Antarctic. In any discussion of this nature it is 
obviously an immense advantage to have studied in the field the conditions there 
obtaining. ‘This I have been able to do also for the Arctic during two voyages under- 
taken for this specific purpose, thereby being enabled to appreciate the great diversity 
in the fundamental conditions affecting the meteorology of the two Polar regions. 

In such an inquiry as this, in which an attempt is made to break new ground, it 
is essential that the discussion should proceed on broad and general lines, in order that 
the fundamental principles involved may not be obscured by minor and negligible 
detail. Accordingly, I have restricted this inquiry to a discussion of the more 
prominent elements of climate. 

No portion of the Antarctic affords such an excellent field for the study of 
atmospheric conditions as that lying to the south and east of Cape Horn. During 
recent years this area has been the principal centre of South Polar exploration, no less 
than four expeditions having investigated the region lying between the meridian of 
Greenwich and 100° of west longitude. Moreover, we have in the South Orkney 
Station of the Argentine Meteorological Office the longest series of observations made 
south of 55°S., while data from lower latitudes, covering in each case many years, are 
also available for the numerous island and mainland stations of the Argentine and 
Chihan Republics. Valuable supplementary material has been furnished by the various 
summer voyages of WEDDELL, Ross, D’UrRvIiux, and others. 

The difficulties involved in this discussion are many, and will be readily recognised 
by those who have engaged in work of a similar nature. Among these are the 
comparative paucity of observations, the relatively great distance separating the spheres 
of work of the different expeditions, and the general want of synchronism in the periods 
covered by the observations. And yet, in spite of these difficulties and deficiencies, 
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approximation towards the general principles of the atmospheric circulation is to be 
obtained. 

The region chosen is not only the best but the sole available area in the whole 
circumference of the globe south of 50° 8. which offers a sufficient number of observing 
stations to warrant serious discussion. 

Maps are given (see Plates I. to IV.) showing the mean monthly and annual dis- 
tribution of pressure, temperature, and cloud. In their preparation I have drawn lines 
only for the regions furnishing sufficient data. I have also, as far as possible, en- 
deavoured to eliminate discordances due to the exceptional characteristics of individual 
months. With regard to NoRDENSKJOLD’S observations at Snow Hill and Paulet Island 
in 1908, and those taken by CHarcor at Wandel Island in 1904, I have been able to 
bring to bear on their discussion the experience derived from a residence during these 
years at the South Orkneys, which are, from a meteorological point of view, in the same 
region. In other words, I have tried to represent the conditions at these places as if 
they had been based on the same five years as were the South Orkney observations. 
In this connection ordinary methods of differentiation were not of much use, especially 
with regard to CHarcor’s 1904 observations, as this was a very exceptional year. It is 
for this reason that the Isotherms, Isonephs, and the Isobars do not always exactly 
correspond with the values given in the tables. Even with regard to the South 
Orkneys and South Georgia, I have allowed myself a little latitude in this direction. 
For the region of the “ Belgica’s”” drift I have taken the mean monthly temperatures, 
calculated by Hann,* except that I am inclined to assign to February a lower mean 
temperature than that given by him. With reference to the observations taken at the 
Chilian coast stations from 1899-1905,t the investigation is restricted, except as 
regards one or two elements such as rainfall, to the five years 1901--1905. The mean 
monthly temperature, pressure, humidity, and rainfall were for this series extracted 
from the general summary given in each volume. The mean cloud, wind force, and 
direction were computed from the tri-daily observations given “im extenso.” Owing to 
the labour attached to work of this nature, an analysis of the winds was made only for 
Dungeness and Evangelists Island. For New Year’s Island the data contained in the 
MS. sheets of observations were similarly computed from seven daily observations. 
As regards the Argentine Republic, much valuable information has been obtained from 
Mr Davis’ work on the “Climate of the Argentine Republic,” as well as from the 
elaborate data contained in the “ Annals” of the Argentine Meteorological Office. In 
this connection I have to express my cordial thanks to Mr Davis for permission to 
utilise the South Orkney and South Georgia observations in so far as they bear on the 
subject under discussion. I am also indebted to Dr W. S. Bruce for the loan of his 
valuable meteorological log kept on board the “ Balena” during his voyage to the 
South Shetlands and Louis Philippe Land in the summer of 1892-1898. 


* Antarctic Manual, p. 44. 
+ Annuario del Servicio Meteorologico de la Direccion del Territorio Maritimo, Valparaiso, 1902-1906. 
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GEOGRAPHICAL PosITION oF AREAS DISCUSSED. 


Weddell Quadrant—(See Plate V.).—The region extending from 90° W. to the 
meridian of Greenwich. This area is divided into the following subsections :— 

Bellingshausen Sea.—The area to the west of Graham’s Land south of 64° S., 
extending to the 100th meridian of west longitude. Data for this region are entirely 
derived from the observations taken during the drift of the “ Belgica.” 

Graham’s Land.—Includes Graham’s Land, Danco Land, Louis Philippe Land, and 
the South Shetlands, by some geographers termed the Dirk Gherritz Archipelago. 
Data comprise a year and nine months’ observations at Snow Hill, seven months’ 
observations at Paulet Island, a year’s observations at Wandel Island, and the summer 
observations of Forster, Ross, Bruck, and others in the vicinity of the South Shet- 
lands and Louis Philippe Land. 

Weddell Sea.—The region south of 60° S. between the meridian of Greenwich and 
50° of west longitude. Data include five years’ observations at the South Orkneys, 
and the summer observations, extending over several months, made by WEDDELL, Ross, 
Biscog, and particularly by the Scottish National Antarctic Expedition, which initiated 
the South Orkney series. 

Biscoe Sea.—This region, from the meridian of Greenwich to 40° E., although 
outside the specific area under discussion, is sometimes referred to. Data are available 
from the Expeditions of Moors, Biscor, and the ‘“ Valdivia” and “ Challenger.” 

South Atlantic.—The area discussed is that portion west of the meridian of 
Greenwich lying south of 40° 8S. Data from ships are very scanty for some 
portions, especially in the region 40° to 60° S., between 0° and 30° W., as well 
as from 50° to 60° S., between longitudes of 30° and 40° W. On the other 
hand, observations covering four years are available from South Georgia Island in 
lat. 54° 30’ S., and covering seven years from the Falkland Islands in 51° 41’ 8. 

South America.—South of 50° 8. is represented by observations from numerous 
stations in Chili, Tierra del Fuego, and Patagonia, including many strictly insular 
situations such as Evangelists Island at the Pacific entrance to the Straits of Magellan, 
and Staten Island, and the neighbouring New Year’s Island a little north-east of Cape 
Horn. Returns from a few places on the Pacific and the Atlantic side of the continent 
in from 40° to 43° S. are also given. In addition to the land observations, there is 
a large mass of data for both oceans in the publications of the London and other 
meteorological offices. 


GENERAL CLIMATIC FEATURES. 


The general climatic features of the region under discussion, viz. from 40° to 
70° 8., may be briefly summarised as follows. Beginning with the mainland of South 
America, we note that the two most northerly coast stations on the Pacific side, Ancud 
and Gallera, have a large rainfall, and, relatively speaking, much cloud. The rainfall 
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shows a distinct seasonal variation, being at a maximum in winter and a minimum in 
summer, while the pressure, cloud, and humidity curves are directly the reverse of this. 
Temperature is comparatively low for the latitude. Coming 8 degrees south we 
have the station of Evangelists Island: here also there is a very considerable precipita- 
tion, but with a maximum in summer and a minimum in winter, not, however, showing 
anything like the seasonal range of the northern stations. The climate is essentially 
insular and the summer temperature very low owing to the prevalence of the cool on- 
shore north-west winds, which blow with great force. Passing now to the Atlantic side, 
we find a great diminution of rainfall, most pronounced at inland stations such as 
Sandy Point (Punta Arenas) and Ushuaia. Here the temperature shows much greater 
amplitude than at the coastal stations, and is essentially of the continental type—- 
higher in summer and lower in winter—in harmony with the conditions prevailing in 
the interior of the Argentine provinces of Santa Cruz and Chubut. Another marked 
feature of this region is the low relative humidity and the small cloud amount, due 
to the prevailing winds having been deprived of much of their moisture by the 
mountainous region lying to the west. With regard to coastal and island stations on 
the Atlantic side, a very small difference in latitude makes a very great difference in 
climatic conditions. Staten Island, New Year’s Island, and Orange Bay have all a 
considerable rainfall, much cloud and humidity, with a low and equable temperature ; 
but at Dungeness, on the Atlantic side of the straits, the rainfall is very much less, the 
skies are clearer, the air drier, and the temperature varies much more than at the 
island stations. These contrasts become much sharper as we proceed northwards along 
the Atlantic coast, where the influence of the warm Brazil current is strikingly apparent. 

Passing next to the Falkland Islands, we find a strictly oceanic climate, viz. strong 
winds, equable temperature, and a moderate rainfall, which last, however, is probably 
much greater on the West Falklands than at Cape Pembroke, the station here quoted. 
A noticeable feature here is the large amount of sunshine recorded. Between the 
Falklands and South Georgia, which lies only 2 degrees to the south, but some 22 
degrees to the east, a great difference is found. Here the influence of the Antarctic 
drift makes itself felt, the mean annual temperature being 8 degrees lower than at Cape 
Pembroke or at Staten Island. However, as regards sunshine and wind force, the 
two stations are almost identical. At the South Orkneys the influence of the Antarctic 
-drift is for the first time the predominant factor affecting climate. Here, in the low 
latitude of 61° S., the mean summer temperature is below freezing point, while in the 
winter readings below — 40° have been recorded. Perhaps the most striking example 
of the effect of the Antarctic drift on the climatic conditions in low latitudes as compared 
with the North Polar regions occurs during summer. At this season the isotherm of 
34° between the long. of 10° E. and 50° W. nowhere protrudes further south than 
58° %., and falls to about 52° to the east of the meridian of Greenwich. The most 
southerly extension of this isotherm in the Arctic is in latitude 74° N., long. 16° W., 
while to the north of Spitzbergen it lies in latitude 81° N., long. 10° E. Thus on 
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this meridian of 10° E. the summer isotherm of 34° is located only 540 miles from the 
North Pole, but, as we have seen, quite 2300 miles from the South Pole. Such is the 
great effect of the Antarctic drift-ice in the lowering of temperature. 

With reference to the characteristics of the strictly Antarctic climate, which form the 
principal theme of this memoir, | may briefly summarise the conditions as follows. 
Stations such as the South Orkneys, Port Charcot, and in a less degree Snow Hill and 
the south of the Bellingshausen Sea, are strongly influenced by the ocean to the north. 
At these places great variations of temperature and weather occur, especially in winter, 
according as the influence at work is continental or oceanic. With southerly winds the 
skies are clear, the air dry, and the temperature low ; but with a change to the north, 
exactly the reverse conditions obtain. For this reason the summers are much cloudier 
than the winters, and it is then that the maximum precipitation occurs. The tempera- 
ture does not fall so low as one would expect—from — 40° to —45° F. The maximum 
temperature depends entirely on the situation. In the open sea or in the pack it rarely 
rises in summer more than 2 or 3 degrees above the freezing point, but near the 
land it may rise to 40° F., and at stations such as the South Orkneys and Snow Hill 
(which are subject to occasional visitations of fohn) the thermometer may rise even in 
winter to from 45° to 50° ; however, these high temperatures rarely last more than a few 
hours. In the matter of sunshine, great differences are found,—Port Charcot in 1904, 
for instance, recording 32 per cent. of the possible, with 140 sunless days, while at the 
South Orkneys only 13 per cent. was registered, with 189 sunless days. 

Tn this connection I have prepared a map (see PI. IV. fig. 5) showing the mean tem- 
perature of the sea surface in summer. In the preparation of this I have employed all the 
existing material. The bending of the isotherms to the north is clearly shown ; also 
the higher temperature of the sea near the South Shetlands and to the west of Graham’s 
Land, due to the north-east winds driving the warm surface waters before them. It 
may be incidentally mentioned that, as one would expect, there is a close relation 
between the summer sea temperature and the distribution of fog. Fogs are compara- 
tively rare between 40 and 50° %., west of 30° W., but between these latitudes, from 
30° W. to the meridian of Greenwich, fog is very frequent, amounting on the average 
to 13 per cent. of the observations. The indirect effect of the southern ice is apparent 
even to the north of latitude 40°, a little to the west of the meridian of Greenwich, on 
which longitude the greatest northern extension of the polar water occurs. (See plate 
vii. of Captain Campsett-Hepworrn’s paper “On the Relation between Pressure 
Temperature and Air Circulation over the South Atlantic Ocean,” Meteorological Office, 
London, 1905, official No. 177.) 

Having described the broad climatic features, I now proceed to deal with the 
months in detail. 

In January there are two well-defined areas of low pressure; one to the west of 
Graham’s Land in about 64° S., the other over the Weddell Sea. Round the western 
low-pressure area the winds blow spirally inwards, being N.W. in lat. 60° S., long. 70° 
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W., and N.E. in the vicinity of and to the south of the South Shetlands. On the west 
side of Graham’s Land from 63° to 64° §. lat. winds are somewhat variable, and the 
combined values from the various summer expeditions give no great preponderance of 
any one wind. It is probable that this region is alternately influenced by the above 
two low-pressure areas. ‘The Antarctic high is considerably reduced, and is shown by 
the isobar of 29°30 inches which covers the extreme south of the Bellinghausen Sea, 
the winds being almost wholly from the north-east, east, and south-east in 70° S., 87° 
W. The strongest winds in this region are from the north-east, and the lightest from 
the west. 

As compared with the previous month, temperature has risen everywhere, the rise 
being from 2 to 3 degrees, except at the Antarctic stations, where it amounts to 1 degree 
only. The isotherms have assumed their typical summer form, bending considerably 
to the south to the west of 50° W. A noticeable feature in this connection is the high 
temperature and dry atmosphere which prevails over Tierra del Fuego and Patagonia to 
the south and west of Sandy Point. 

At most places, except the Antarctic and strictly oceanic teak ae temperature is 
now at its annual maximum. The amount of cloud has considerably increased over the 
region south of 60° 8., but has diminished over the mainland of South America. The 
isoneph of 95 now appears over the northern part of the Weddell Sea, or over that 
region where the ocean temperature is relatively high. 

Rainfall is now at its annual maximum over a region running along the 53 degrees 
of latitude between the meridians of 68° and 75° W., reaching a total of 12°82 inches 
at Evangelists Island on the Pacific side of the straits, where north-west winds blow 
with greater frequency than during any other month of the year, and, since they are on- 
shore winds, are accompanied by heavy rainfall. 

The temperature-difference between the east and west sides of the Straits of 
Magellan is also at a maximum, Dungeness being 6°°2 warmer than Evangelists Island, 
as a result of the excessive precipitation and overcast sky prevailing at the latter region. 
At Ancud, Port Gallera, and Isle Mocha rainfall is at a minimum for the year, this 
region being now well within the influence of the South Pacific high. 

In February, the most marked feature in the pressure-distribution for the month is 
the complete recession of the Antarctic high from the area under discussion. This 
fall of pressure is most pronounced in the Bellingshausen Sea, and extends, though in 
a much smaller degree, over to Graham’s Land and the Weddell Sea. Low-pressure 
areas are again shown to the east and west of Graham’s Land. The former low- 
pressure area probably extends a very long way to the east, with the isobar of 29°2 
assuming a northerly trend east of the meridian of Greenwich. Observations over a 
combined period of forty-five days show a reduction equal to 0°22 inch between situations 
in 37° W. and 64° E. longitude on the parallel of 624. The few observations that we 


have south of the Antarctic circle show but little difference of pressure between 23° W. 
and 50° E. 
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The wind observations in the Biscoe Sea indicate that the Antarctic high is situated 
to the south of 66° S. in about 40° E., and that the gradients are exceedingly steep for 
southerly winds, which blow with great force. There appears to be a well-defined 
low-pressure area in about 64° to 65° S. in 40° E. | 

Temperature, as compared with January, shows little change over the region south of 
60° S., being, on the whole, very slightly higher. It reaches the maximum for the year 
at the South Orkneys, and is virtually the same as that of the surrounding ocean. The 
lowest isotherm, viz. 25°, is shown over the south of the Weddell Sea, but observations 
are too few for its position to be accurately defined. Except at the Falkland Islands 
and Sandy Point, temperature has decreased 1 or 2 degrees over the area from 40° 
to 50° 8. 

Cloud amount continues very large over the greater part of the Antarctic and sub- 
Antarctic regions, but over Graham’s Land (where there is a marked excess of south and 
south-east winds) a comparatively small amount is recorded, this being associated with 
a relatively dry atmosphere. 

In March, pressure has risen slightly in the Bellingshausen Sea, but has fallen over 
Graham’s Land and the South Orkneys, being at its annual minimum at most places 
south of 50° S., with South Georgia as the only marked exception. 

The characteristic features of pressure-distribution remain substantially the same 
as in February, but both the eastern and western lows have deepened, and as pressure 
has given way more in the south than in the north, a general steepening of gradients 
has taken place between 50° and 60° S.; causing a marked increase in gale-frequency 
to the south and south-east of Cape Horn, on the Chilian coast south of 50° 8., and on 
the east side of Graham’s Land. 

North-west winds are now at their annual maximum at Staten Island and the 
Falkland Islands, and over a considerable part of this area it is the stormiest month 
of the year. In the Weddell Sea the barometric gradient is comparatively slight until 
about 68° 8. lat., and the ‘‘Scotia” observations, comprising two March months, show 
a steady diminution of pressure to at least 72° S. It is probable that during this 
month the barometric trough in the Weddell Sea occupies its most southerly position 
of the year, being probably located in about 70° S. lat. on the meridian of 20° W. 
Hasterly gales are comparatively frequent south of 67° 30’ S., pointing to very steep 
gradients at times in this region. The same conditions prevail in about 71° S. and 
93° W., where these winds blow with the maximum force of the year. 

Temperature has everywhere fallen. At Wandel Island, the South Orkneys, South 
Georgia, and the Chilian coast stations, which are largely under oceanic influence, the 
fall amounts to only 1 degree, but in the Bellingshausen Sea it reaches 5 degrees, and 
at Snow Hill as much as 9 degrees. The isotherms show a very steep thermal gradient 
between the east and west of Graham’s Land. It is evident that the influence of the 
land area, which is shown to be probably located to the east in 66° S. and 47° W., is 
making itself felt. 
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Cloud amount is still very large over the Weddell Sea, but over Antarctic areas, 
where the temperature has fallen, skies are clearing. 

In April, pressure has risen everywhere except in the south of the Bellingshausen 
Sea. The most marked rise is over Graham’s Land, over which there is an area of 
relatively high pressure, dividing the low-pressure systems located to the east and west 
respectively. In these low-pressure systems the strength of the wind reaches its 
annual maximum, this being especially the case in the south of the Bellingshausen Sea, 
where the prevailing easterly winds blow with great force. Indeed, atmospheric 
conditions are everywhere very disturbed, and especially so in the South Atlantic 
and the vicinity of Cape Horn. The only marked exceptions to this are to be 
found over Graham’s Land and at Dungeness, where the infrequency of gales 
is remarkable. 

There is in this month a decided tendency for the winds to veer. Thus at the South 
Orkneys south-west winds are at their annual maximum, and at South Georgia, Staten 
Island, and the Falklands the prevailing north-west winds are reduced in favour of 
west and south-west. On the other hand, at Dungeness, Evangelists Island, and 
Sandy Point northerly and north-east winds, which are infrequent for these places, have 
increased, and are at their annual maximum for the two first-mentioned stations. 
Temperature is now falling rapidly, the fall being greatest at the southern continental 
stations and least at oceanic stations in the south of South America. At places such as 
Sandy Point and Ushuaia, which are not specially under oceanic influences, the fall of 
temperature is also considerable. In this month the isotherms begin to assume their 
winter shape, and the amount of cloud shows a decided diminution north and south of 
60° S. lat., where the mixture of warm and cold air currents is most apparent. At 
Ancud, Point Gallera, and Isle Mocha the increase in rainfall is considerable, the 
precipitation being four times that of January—the driest month of the year. 

In May, the outstanding feature of the isobaric chart is the reappearance of the 
Antarctic high in a pronounced form in the south of the Bellingshausen Sea and adjacent 
continental regions. The south-east wind, although here still the strongest, has greatly 
diminished in force, and this reduction is shared by winds from other directions. Areas 
of low pressure are shown in the South Pacific and over the Weddell Sea. North-east 
winds are virtually absent at Wandel Island, which appears to be more under the 
influence of the high- than of the low-pressure area. 

South of 60° S. the temperature has fallen from 6° to 8°, the fall being greater 
on the eastern than on the western side of Graham’s Land. At the South American 
and Island stations the fall is from 3 to 5 degrees, and is greatest, as in the previous 
month, at places removed from the direct influence of the sea. The mean temperature 
has fallen to zero I. a little to the south-east of Snow Hill, owing to the continental 
conditions there prevailing and the northerly extension of the pack. On the other hand, 
on the Pacific side of Graham’s Land, where the oceanic influence is considerable, much 
higher temperatures prevail. Cloud has very generally diminished, the cloudiest zone 
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being located further north than in April. The isoneph of 85 now indicates approxi- 
mately the position of the pack edge at this season. 

A curious point in regard to the cloud-distribution in the region of the Straits of 
Magellan is shown by the circumstance that while the maximum for the year is reached 
at Sandy Point, the minimum is recorded at the neighbouring stations of Kvangelists 
Island and Dungeness. 

Rainfall shows a large increase at Ancud, Point Gallera, and Mocha. 

In June, pressure has risen very generally in the Antarctic and sub-Antarctic 
regions. It has, however, fallen at the Northern Chilian stations, where it is at the 
annual minimum, while at the same time rainfall, cloud, humidity, and wind-force are at 
their annual maximum. The general distribution of pressure remains substantially the 
same as in May. The Antarctic high is in the same position, but has increased in 
height: the cyclonic areas in the Weddell Sea and South Pacific are still prominent 
features of the map, but with pressure about 0°10 inch higher than in May. Tempera- 
ture has fallen about 6° at the Antarctic stations, but elsewhere only half this amount, 
if we except Ushuaia, where the increased cold of radiation has produced a fall of 5°. 
The isotherms have now assumed their normal winter position, the most marked feature 
being the steepening of the thermal gradient south of 60° S. 

Owing to the extension northward of continental conditions brought about by the 
freezing of the ocean, the amount of cloud has largely diminished, the cloudiest zone 
being indicated by the isoneph of 80, embracing and to the east of Staten Island, a 
similar high value being reached off the Chilian coast in 40° 8. 

Generally speaking, relative humidity is now at its annual maximum. A marked 
feature is the excessive rainfall on the Chilian coast in 40° 8., where Point Gallera has 
a mean fall for the month of 19°18 inches. The precipitation diminishes north and 
south of this latitude. Staten Island also has its maximum fall for the year, viz. 6°04 
inches. At South Georgia there occurs the minimum for the year. 

In July, the Antarctic high is shown in about 70° S. and 80° W., with a low- 
pressure area to the west-north-west and another over the Weddell Sea.* Pressure has 
fallen over the whole area to the south of 50° §., west of the meridian of 60° W. 
To the east of 60° W. it has risen most at the Falkland Islands. 

Southerly and south-west winds are at their annual maximum over large portions of 
the region comprised between latitudes 52° and 65° 8. and longitudes 72° and 65° W., 
gales from these quarters being frequent to the south of Cape Horn. 

Temperature is now at the minimum for the year, except at places such as Staten 
Island, which are strongly under oceanic influence. At this season the greatest cold is 


* The long series of observations at the South Orkneys indicate a distinct winter maximum of pressure which is 
high for the latitude as compared with that recorded in winter by the “ Belgica” in long. 87° W., and it would appear 
that the Antarctic anticyclone in winter is central in about 80°S. and 40° E. That the centre is there rather than 
at the Pole is connected with the continental conditions induced by the freezing of the Weddell and Biscoe Seas 
as far north as 60° S. lat., and the relatively higher temperatures that prevail on the other side of the Pole in 
Victoria Land. 
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felt at Snow Hill, where the continental effect is most pronounced ; the South Orkneys 
also come well within the sphere of this influence. The lowest isotherm, viz. that of 
— 10°, is indicated to the east of Graham’s Land in about 66° S8., the relative mildness 
on the same parallel 10 degrees to the west on the Pacific side being a noticeable feature. 
The thermal gradient continues very steep in sub-Antarctic and Antarctic regions. 

The cloudiest zone is indicated in from 57° to 60° 8. by the isoneph of 80, the 
lowest values being 50 over the coast of Graham’s Land, and 60 in Tierra del Fuego. 

On the Pacific side of the Straits of Magellan rainfall is at its annual minimum. 

In August, cyclonic conditions prevail very generally, pressure having fallen except 
over the extreme south of South America. The fall is greatest—-about a tenth of an 
inch—over Graham’s Land and to the west. The isobaric chart shows a well-marked 
cyclonic area over Graham's Land, and steep gradients to the south and west of Cape 
Horn. Associated with this is a decided increase in storm frequency. North-east 
gales blow with great persistence and strength to the south of the South Shetlands. A 
small area of relatively high pressure is shown in the Bellingshausen Sea, and in this 
region, west of about 85° W. and south of 65° S., winds from all quarters blow with 
average strength, thus showing no indication of steep gradients. ‘Temperature south of 
60° S. has risen decidedly, but in strictly oceanic situations in lower latitudes the rise is 
small. The isotherms present much the same aspect as in July, but very clearly 
indicate the greater rise of temperature in the south. 

Cloud shows a marked increase in high southern latitudes, especially to the east of 
Graham’s Land, this being explained by the greater condensation accompanying the 
increased prevalence and strength of warm winds from lower latitudes. In Tierra del 
Fuego, in places removed from oceanic influence, the least amount of cloud for the year 
is recorded. 

In September, the first spring month of the southern hemisphere, the changes in 
pressure are somewhat irregular. There is a noticeable fall at the South Orkneys, and 
a slight increase, extending from 55° to 65° S., between the meridians of 67° and 55° W. 
The most interesting feature of the isobaric chart is the total absence of any indication 
of the Antarctic high, there being two large low-pressure areas, one over the Weddell 
Sea, the other to the west of and partially covering Graham’s Land. Gradients over 
the larger part of the area south of 50° S. are comparatively uniform, except in the 
Cape Horn region, where they are steep. 

Temperature has risen everywhere. ‘The rise is greatest south of 60° S., amounting 
to 5° or 6°, but elsewhere (with the exception of Ushuaia and Sandy Point) it does not 
reach half this amount. ‘The isotherms north of from 63° 8. on the 80th meridian of 
W. long. to 57° S. on the 40th meridian have opened out considerably, thereby show- ; 
ing that the continental influence of the frozen sea is becoming restricted. The 
thermal gradient is still very steep between the Pacific and the Weddell Sea side of 
Graham’s Land. 


Cloud shows a comparatively uniform distribution, but has increased in the far 
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south as compared with the previous month. At Sandy Point, however, it falls to the 
annual minimum. 

In October, pressure has fallen very generally west of the 55th meridian, but at 
South Georgia and the South Orkneys it has increased. The east and west low- 
pressure areas have become merged into one, whose centre is normally located over 
Graham’s Land, but which, judging from the winds at Port Charcot, is probably 
frequently central to the W.N.W. 

Gradients are steep west of the 60th meridian, and gales are at a maximum on the 
South Chilian coast and Cape Horn region, a relatively large number being from 
the 8. W. 

Temperature is now rising rapidly south of 60° S., the increase being most pro- 
nounced at continental stations. The rise over Tierra del Fuego and adjacent islands 
is remarkably uniform. The isotherms continue to open out and the thermal gradients 
diminish. 

At Staten Island and Dungeness calms are at their annual maximum, a condition 
offering a marked contrast to the stormy weather on the Pacific side of the straits. 

The rainfall has increased on the Pacific side of the Magellan Straits, but in lat. 
40 §. on the Chilian coast the precipitation is only about half that of the previous 
month. 

The changes shown in the isobaric chart for November are remarkable. Pressure 
has risen greatly over Graham’s Land, and to a less extent in the Bellingshausen Sea, 
while it has fallen appreciably at the South Orkneys, South Georgia, and Tierra del 
Fuego. An anticyclone is in process of formation on that portion of the Antarctic 
continent to the south of the Bellingshausen Sea and far south of Graham’s Land. 
North-east winds prevail on the Pacific side of Graham’s Land, and east and north-east 
in the Bellingshausen Sea, where they blow with great strength. The cyclonic area 
over the Weddell Sea in this month is probably central about the latitude of the 
Antarctic circle in 10° W., with the isobars tending to the north on proceeding east of 
the meridian. In connection with this relatively higher pressure to the north, one may 
note that during the summer voyage of the “ Valdivia” the west wind system was left 
behind in November in as low a latitude as 56° S. in 20° H., while east winds prevailed 
to 65° S. between the meridians of 20° to 60° E. On the return voyage in December 
the west winds were again experienced in lat. 55° 8. 

While the position of the bottom trough on this voyage may have been located a 
degree or two further north than usual, it is still highly probable that the general 
condition is as described. That a great and widespread change of pressure distribution 
is in progress is evident. Speaking broadly, the month to month changes of pressure 
in Graham’s Land and Tierra del Fuego are in the same direction, but in November, as 
will be seen, they are not only the reverse of each other, but that to a very large 
degree. Pressure has changed little at the Falklands, and has fallen much more 
on the Pacific than on the Atlantic side of the straits, the result being steep 
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gradients for north-west winds south of 50° S. on the Pacific side, with comparatively 
slight gradients and a subnormal gale-frequency on the Atlantic side. This latter 
condition extends south of Cape Horn. 

Temperature has risen uniformly at all places south of 60° S., where the increase 
amounts to 6. Elsewhere, within the limits of the area under discussion, the rise is 
remarkably uniform, being from 3° to 4°. The isotherms present few features of 
interest, with the exception of a relatively low temperature in from 51° to 55° 8. between 
the meridians of 65° and 70° W. ‘This appears to be associated with an increase of 
south-west winds over the above region, a concomitant of the pressure-changes now in 
progress. 

The cloudiest zone, indicated by the isoneph of 90, is now well south of the 60th 
parallel, and on the Pacific side reaches to the Antarctic circle. North and south of 
this a decrease of cloud-amount is observable, the diminution being most marked in the 
neighbourhood of Staten Island, where it is at its minimum for the year. 

In December, the most marked change in the distribution of pressure is a small but 
general rise over Antarctic and sub-Antarctic regions. Elsewhere pressure has fallen, 
but not to any appreciable extent, being most noticeable at Sandy Point, where it 
amounts to 0°08 inch. A well-defined area of relatively high pressure is shown over 
Graham’s Land (where pressure is at its annual maximum), and in the south-east of 
the Bellingshausen Sea. To the east and west of this anticyclonic region low- 
pressure areas are shown. Gradients are slight everywhere, and gale-frequency has 
greatly diminished. From about 30° W. to east of the meridian of Greenwich, in from 
50° to 60° S., gales have increased, pointing to a steepening of gradients in this region, 
south of which, however, there are no data. 

Winds from quarters to the south of west are unusually frequent in the South 
Orkneys, Tierra del Fuego, Evangelists Island, and the Falklands; while at the latter 
station, as well as at South Georgia, south-east and east winds are at their annual 
maximum, pointing to the effect of the widespread changes of pressure referred to. 

Temperature in this, the midsummer month of the southern hemisphere, has risen 
most in the Antarctic, where the powerful influence of the midnight sun is asserting 
itself. The rise is least in the South Orkneys, where cold southerly and south-westerly 
winds blow with greater frequency than in any other month of the year. 

Cloud-amount has increased over the ocean on the Pacific side of Cape Horn south- 
ward up to the limit of observation, the maximum for the year being very generally 
reached in this area. 

While the characteristic features of the various months are as I have described, yet 
from time to time abnormal conditions prevail. I have selected December 1904 for 
special study because of the unusual pressure distribution and wind-circulation. 
Normally, there is at this season an area of relatively high pressure over Graham’s Land, 
with low-pressure systems to the east and west, and an increase of pressure to the north 
of 58°, with isobars running along parallels of latitude. But in the month under 
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consideration the isobars west of the 65th meridian (and probably farther west) lay 
approximately north and south, with pressure as high over Graham’s Land and Cape 
Horn as at the Falklands (see Plate IV. fig. 4). At the South Orkneys, pressure, 
although above the average, was 0°30 inch lower than at Charcot’s Winter Quarters, 
indicating a still lower barometer to the east. The prevailing winds over a very wide 
area south of 50° S. on the Pacific and 40° on the Atlantic side were from the south or 
south-west. That these were also the prevalent winds between the South Shetlands 
and the South Orkneys is evident by the low latitude in which the Argentine corvette 
“Uruguay,” on her voyage to the South Orkneys in 1904, met with the pack, this 
being encountered in lat. 58° 40’, long. 50° 40’ W. The vessel arrived at the South 
Orkneys on 31st December, having forced her way through 250 miles of ice. On her 
voyage to Gerlache Straits I had an opportunity of examining the pack. I perceived 
that it showed hardly a trace of having been subjected to oceanic swell, while the 
presence of unbroken ice fields as much as 30 miles in length, not far removed from the 
outer edge of the main body, in lat. 59° 5’, long. 49° to 50° W., was further proof of the 
absence of the normally prevailing westerly and north-westerly winds. I have referred 
to these facts as they bear directly on the question of the prevailing winds over the 
region and the trend of the isobars. That unusually quiet weather prevailed to the 
west of 65° W. and at Cape Horn is indicated by the total absence of strong winds at 
Dungeness and Evangelists Island, while the comparative rarity of gales at Charcot’s 
Winter Quarters is also worthy of notice. At the South Orkneys, however, south-west 
gales were frequent, especially after the middle of the month. On the mainland of 
South America the most pronounced feature was the persistence of a low-pressure area 
off the coast of Chili in about lat. 40° 8. This type of pressure-distribution prevailed on 
nineteen days of the month, but on the chart for the whole month the more distinctive 
features are masked by the normal conditions prevailing during the remainder of the 
month. ‘This is the type of pressure-distribution associated with the presence of an 
Antarctic high at all seasons, and these highs appear to pass away to the N.E. and 
over the Atlantic. In the table on the following page are given values of the 
principal climatic elements for ten stations south of 40° S., and, as far as the data 
permit, they have been compared with the normal. 

It will be observed that at Charcot’s Winter Quarters temperature was about the 
normal for the region, but that at the South Orkneys and at the island and coastal 
stations on the east side of the southern extremity of the American continent it was 
markedly below the normal, the deficit being practically the same, viz. 2°. On the 
other hand, it was markedly above the normal at Ushuaia, the excess increasing in 
a N.W. direction, and reaching 2°7° at Evangelists Island, where rainfall, cloud, and 
wind-force were all much below the average. This result is obviously due to the 
relative infrequency of the normal cool, onshore, rain-bearing winds, and the excess 
of land winds resulting from the abnormal distribution of pressure referred to. It will 
be observed that while southerly winds were in excess at the South Orkneys, a relatively 
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large number of N.E. and E. winds, blowing with considerable force, occurred at the 
Falklands and New Year's Island. Reference to the daily weather maps of the 
Argentine Meteorological Ottice show that these winds were associated with the passage 
of low-pressure systems from the Argentine coast north of 50° 8. An analysis of the 
C. Pembroke barometer showed that the north-west wind experienced before the passage 
of the low-pressure area, and the south-east wind which blew after the passage of the 
low-pressure area, had practically the average pressure of the month, but that with the 


DECEMBER 1904. 


MEAN PREsSURE AT 32° SEA-LEVEL AND STANDARD Gravity ; MEAN TEMPERATURE REDUCED 
TO SEA-LEVEL; RAINFALL, CLoupD AMOUNT, WIND DIRECTION AND FoRCcE 


At various Stations from 40° to 65° South. 


Percentage Frequency of Wind. Wind Force or Velocity. 
Station. Lat. | Long. W. |Pressure.|/Temp.| Rain. Glens ar ama 7 : = 
$ Miles per | Estimated 
N.|N.E.}) E. |S.E.) S. |S.W.| W.| N.W.| Calm. Teinthe Scale 0-12. 
| ae eS Ins. 2 Ins. 
Port Charcot . . | 65 03 63 26 29°679 3152 | 1:21 8:0 2} 19 2 5 | 37 | 22 1 1 11 ate 
South Orkneys . . | 60 44 44 39 29°374 28°8 | 0°19 9°5 0 0 0; 8 | 41] 29 | 15 7 0 15°5 nie 
Cape Pembroke -| 51 41 57 43 29°695 | 45°5 oo 81 4 TO eR abe EX a Wie 8 0 fe 4°3 
New Year’sIsland . | 54 39 64 07 29°693 44:8 | 1°99 85 9] 16 | 11 6) 12) 22 sl 10 0 15°5 Ci 
Ushuaia . - » , 04 52 68 07 29°707 50°6 | 2°64 ve S0 are Salat i) Je He ‘fe 45 ame 
Harbertown - . | 55 00 67 00 29°704 51°4 | 1'39 aye qo ai fe a0 a6 Ao ; 
Dungeness . «| 62°24 68 25 29°734 50°2 | 2:38 75 6 10 6 2 0) 29) | 16 e 25 2°6 
Evangelists Island * 52 24 75 06 ? 49°3 | 6°46 Ut 6 0 AN SE LO A zou 1S Hat 30 
Ancud 5 41 51 73 50 29°984 57°9 | 3°22 56 12 al 2 1)| 16 2a 28 11 30 
Point Gallera . 40 OL 73 44 29°969 55'8 | 3°10 bl 14 0 | 0 1 52 | 3 6 9 15 374 
* The barometer readings are of doubtful value at this station. 
DECEMBER 1904. 
DEPARTURE FROM THE AVERAGE. 
Norr.—The heavy type indicates an excess, and the italic a defect. 
Percentage Frequency of Wind. Wind Force. 
Station. Pressure.| Temp.} Rain. | Cloud. a 
| Miles per Scale 
N. |N.E.| E. | S.E./ S. | S.W.] W. | N.W.) Calm. signi 0-12. 
Ins. - Ins. 
Port Charcot A : 348 0-0 “3 10 te ae oe ae 58 ee a4 te, 
South Orkneys . 096 1:8 - 0:3 6 5 8 1 19 5 7 h ae 29 a0 
Cape Pembroke . C 084 21 ay 0-9 a at se a ae ae se # : 
New Year'’sIsland . 249 20 1°82 11 1 ll 10 h h 6 2 16 6 30 5 
Ushuaia : . c “263 13 0:69 a 0 a ae 56 i a8 5 An ae a 
Dungeness . ; 5 “196 0-9 1:21 0-7 2 7 4 0 2 21 uf 4 13 0-8 
Evangelists Island + Ke 27 3°82 0:3 5 0 3 0 5 2 0 16 15 12 
Ancud . 5 5 * 019 0-6 0°18 0-2 0 3 0 1 8 8 4 uf 7 06 
Point Gallera : , O43 O01 0:11 03 0 0 1 1 1 6 1 0 6 0-2 


east wind pressure was 0°114 inch below the normal. Captain Hepworru has referred* 
to the remarkable prevalence of easterly gales in the months of October and November, 
between the meridians of 30° and 40° W., from 45° to 50° 8. It is very probable that 
these gales are due to the passage of low-pressure systems which have travelled sea- 
wards in an easterly direction from the Argentine coast. 

With respect to the bearing of the South Orkney and other Antarctic observations 
on the weather of South America, it is proposed to prepare charts for each month, 


* “The Relation between Pressure Temperature and Air Circulation over the South Atlantic,” Meteorological 
Office, London, 1905, Official No. 177, p. 9. 
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showing the conditions over the continent for the whole period of recent Antarctic 
research. In this connection the South American data will be jomed up with that 
furnished by the Falklands and South Georgia. 


Mean ATMOSPHERIC PRESSURE TEMPERATURE AND CLOUD FOR THE YEAR. 


The maps showing the mean annual barometric pressure, mean temperature, and 
mean amount of cloud may be said to represent the sum and substance of the 
year’s weather (see figs. 1, 2, and 3, Plate IV.). 

The isobaric charts indicate in the clearest manner the relatively higher pressure 
which prevails to the south over the Bellingshausen Sea, as compared with that over 
the Weddell Sea in similar latitudes, and the wind-circulation follows the pressure- 
distribution. The Peninsula of Graham’s Land thus divides two wind systems. To 
the west we have, as at Wandel Island, a marked prevalence of strong north-easterly 
winds, due, as we have seen, to the all but permanent cyclonic area to the westward. 
To the south of this is the region embraced by the “ Belgica’s” drift, in which the wind- 
circulation is of a distinctly monsoonal character—easterly in summer, and westerly in 
winter. Here the easterly winds are by far the strongest, indicating the steepness of 
the barometric gradient between the Polar anticyclone and the South Pacific low- 
pressure area. The anticyclone migrates with the season—facing the Pacific Ocean in 
summer, and retreating over the continent to the south of the Indian Ocean in winter. 
While these conditions represent the normal state, different seasons appear to diverge 
considerably from the average. Thus in 1903 the Weddell Sea “low pressure” was 
deepened, and lay further to the west than usual. As pressure was about the normal 
north of 50° S., a very steep gradient was set up for W.N.W. and N.W. winds. That 
this rapid fall of pressure prevailed to at least 65° S. is shown from NoRDENSKJOLD’S 
Snow Hill observations. In 1904, on the contrary, the pressure gradient was less than 
half that of the previous year, as shown by the simultaneous observations at the 
Falkland Islands and the South Orkneys. Between these two stations the mean 
difference in the barometric pressure for the nine months April to December was 
0°456 in 1903, while in the corresponding period of 1904 the difference was only 
0199 inch. The remarkable persistence of easterly winds during the winter of 
1902 at the winter quarters of the Gauss in 90° E. indicates that the Antarctic 
anticyclone lay over the frozen continent to the south and south-west of this 
station (see footnote, p. 111). 

Pending the publication of the detailed official reports of the expeditions which have 
taken part in the recent International Antarctic campaign, it would be premature to 
draw final conclusions, but a careful analysis of all the available material enables us to 
recognise four regions characterised by permanent low-pressure areas. These are 
central in the Ross Sea in lat. 70° 8., and long. 170° W.; in the Bellingshausen Sea 
in 65° 8. and 90° W.; in the Weddell Sea in 66° S. and 30° to 35° W.; and in the 
Antarctic Ocean in 63° S., between the meridians of 80° and 105° EK. It will be seen 
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that, with the exception of this last-named low-pressure area, these cyclonic centres are 
situated in those regions where the ocean extends furthest south and where the forces 
exerted by the mixture of the rivers of cold desiccating air from the Antarctic continent 
and the humid air of the oceans are ata maximum. As bearing on this point, it may be 
noted that every occurrence of “Glazed Frost” seen on the voyage of the “ Scotia” in 
the Weddell Sea was observed in from 67° 10’ to 67° 39’ S., and that at the South 
Orkneys this phenomenon is at a maximum in winter, when the theatre of cyclonic 
activity is north of its summer position. 

It will be further noticed that these low-pressure regions are situated approximately 
in the longitudes occupied by the permanent southern high-pressure belts, and, like them, 
are subject to seasonal oscillations. Judging from the summer observations, the 
winds in and near the centre of these permanent low-pressure areas are not of much 
force, the ring of steep gradients being, as one would expect, where the Antarctic 
anticyclone is most developed with reference to the contiguous low-pressure system. In 
the Weddell Sea the effect of the wind-circulation is clearly shown in the direction of 
the sea surface currents. The observations of Weddell and the “Scotia” show that 
there is a strong set to the N.W. to the south of 66° S., but in from 64° to 65° S. on 
the meridian of 40° W. the set changes to the E. and E.N.E., which is the general 
direction of the surface drift in lower latitudes. Not only so, but in the region 
dividing these two currents a large number of weatherworn bergs were seen, which, 
judging from their general appearance, had been in the vicinity for a long time. This 
region may therefore not inappropriately be termed the ‘‘ Weddell Sea Doldrums.” 
At the South Orkneys the whole set of the pack and of the icebergs is to the H.N.E., 
and the few cases of opposite movement recorded were probably a tidal effect. 

The circumstance that there is a distinct seasonal change in the position of these 
“centres of action” is evident. Not only do the surface winds change with the 
season, but these changes are also clearly observable at the cirrus level; thus in summer 
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the prevailing direction of the upper clouds at such places as South Georgia and the 
South Orkneys is from the west and north-west, but im winter the upper currents show 
a large movement from the south and south-west. This indicates that at the cirrus 
level (which in these latitudes is at a comparatively low altitude) the low-pressure area 
to the south-east has swung more to the north. At the “ Belgica’s” position in 70° to 
71° S., long. 80° to 90° W., exactly the reverse obtains ; and it is of interest to note that 
the maximum rate of movement was from the north-east at both seasons. The whole 
question is exceedingly interesting, but it is not safe to draw conclusions pending the 
publication of the reports of the various expeditions. 

It is unnecessary to dilate at length upon the maps of mean annual temperature and 
cloud, as the factors affecting them have been fully discussed under the monthly 
headings. Attention may, however, be called to the bending of the isotherms south- 
ward west of 55° W., asa result of the prevailing north-east winds. On the other hand, 
the crowding of the isotherms on the east side of Graham's Land is very striking. Here 
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the thermal gradient is exceedingly steep, as shown by the synchronous observations 
made by the Swedes at Snow Hill and the adjacent station of Paulet Island, some fifty 
miles to the north. In this region the temperature falls off at the rate of about 6° to 
7 F. for every degree of latitude: the abrupt bending of the isotherms to the south 
about the meridian of 40° W. is clearly due to the presence of the extensive land mass 
indicated by Dr Brucs on his bathymetrical chart in lat. 66° S., long. 47° W. All the 
varied information which I have collected bearing on this point affords strong evidence 
of the existence of a land mass in the assigned position. In this connection | may 
incidentally refer to some conclusions | have arrived at with reference to the probable 
existence of a peninsula or archipelago east of King Hdward VII. Land. If the 
observations taken by Ross in the year 1842, between 65° and 67° S., and long. 154° to 
160° W., represent the normal meteorology of this region in summer, there is strong 
evidence that King Edward VII. Land sweeps round in a N.N.E. direction, with its 
northern apex in lat. 69° S., between the longitudes of 150° and 155° W. To the east of 
this the land probably falls away in a gentle curve, joming Graham’s Land in 71° S. 
The whole wind circulation in the Ross Sea, as well as other meteorological concurrents, 
support the conclusion that we have to do with conditions somewhat similar to those 
obtaining in the Weddell Sea area. This calls for a peninsula situated perhaps even 
further west than I have indicated. 

The map of mean annual cloud-amount shows distinctly the distribution of this 
element in its relation to land and sea. Over Graham’s Land and adjacent regions 
the skies are relatively clear, but where the pack ice and open ocean meet there is a 
zone of much cloud. ‘The increased clearness of the skies on the east as compared with 
the west side of the continent of South America is also of interest, as is the compara- 
tively small cloud-amount of inland stations in Tierra del Fuego. 

With regard to future work, it is a matter for satisfaction that there is no abate- 
ment of interest in Antarctic investigation. A British expedition is even now at work 
‘in Victoria Land, where a third year’s observations will materially strengthen the 
normals for that locality. The same considerations apply to Graham’s Land, towards 
which a French expedition, now on the eve of departure, is to direct its efforts. Several 
prospective expeditions have announced their programmes, the realisation of which is 
earnestly to be desired. Meanwhile, the energy of the Argentine Government, as 
reflected in Mr Davis’ efforts. to establish the South Orkney station on a permanent 
basis, remains undiminished, while further developments, which it is hoped to realise in 
the immediate future, will enable us in time to come to discuss in a manner more 
thorough than is now possible the meteorology of the Weddell Quadrant and adjacent 
areas. 

GENERAL SUMMARY OF THE TABLES. 

In the remarks which follow I shall endeavour, as briefly as is consistent with 
clearness, to summarise in a general manner the contents of the tables. While the 
titles give a definite indication of the elements to which they refer, further particulars 


are desirable for the sake of clearness. Tables I. to VII. give for various stations from 
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40° to 70° S. the mean monthly and annual values of barometric pressure, air tempera- 
ture, amount of cloud, rainfall, wind velocity, relative humidity, and percentage 
frequency of wind. In their preparation I have used all the reliable material, but have 
discarded returns from stations the observations from which did not inspire one with 
confidence. Thus the barometric pressure is not given for Evangelists Island, as the 
readings are obviously in error. The data from Tierra del Fuega have been carefully 
sifted, especially with reference to mean barometric pressure. Particular trouble was 
taken to obtain good barometric means for the region around Cape Horn, which is of 
great importance as a general control on the isobars. With regard to temperature 
observations, Table II., the means given are those observed, but in plotting the values 
for drawing the isotherms the values were corrected to sea-level by adding 1:0° F. for 
every 300 feet. As only two stations exceed 150 feet, these corrections were small. 
No correction was made to bring the values to the mean of the 24 hours, as, except New 
Year's Island, which was specially treated, the means of the tri-daily observations give a 
very close approximation to the mean of the 24-hourly values. As regards New Year's 
Island, the hours of observation were 7, 8,10 a.m., and 1, 4, 7, and 10 p.M., and the 
mean of these was brought to the mean of the 24-hourly values by adopting the values 
obtained from a reduction of the thermograph records at the adjacent station of Staten 
Island. The monthly corrections, which are all minus, are as follows :— 


Jan. Feb. Mar. April. May. June. July. Aug. Sept. Oct. Nov. Dec. Year. 


09 08 O7 06 05 O8 O1 O02 O04 O06 OF O08 0-45 

The mean monthly and annual amount of cloud is given in Table III. 

Table LV. gives the mean monthly and annual rainfall. As regards Sandy Point and 
Dungeness, the values appear to be too low. This is due in the former instance to the 
rain gauge being at some distance above the ground. Owing to the frequency of drifting 
snow at the South Orkneys, the precipitation there cannot be given, but, on a review of 
the whole existing material, I am inclined to assign a much larger precipitation to this” 
region than that given in my report.* I think about 25 to 27 inches is the probable 
annual rainfall, with a maximum in summer. As Laurie Island is on the lee side of the 
South Orkney group with reference to the prevailing westerly winds, it is probable that 
the precipitation is much greater on the neighbouring Coronation Island to the west. 

Table V. gives the mean hourly velocity in miles for the first six, and the mean 
force of the wind on the Beaufort scale 0—12, for the last seven stations. 

Table VI. gives the mean relative humidity, deduced in most cases from readings of 
the dry and wet bulb thermometer, but at Wandel Island the records are from a Richard 
Hair hygrograph. 

Table VII, showing the mean monthly and annual percentage frequency of the 
winds, has involved much labour, as the data for the South Orkneys, South Georgia, 
Evangelists Island, and Dungeness were either wholly or partially unreduced. In 
every case the values have been reduced to eight points, and the numerical results 


* Scientific Results of the “ Scotia” : Meteorology, p. 274. 
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expressed as percentages. With regard to the seasonal values, it may be pointed out 
that Swmmer comprises December, January, and February ; Autwmn, March, April, and 
May; Winter, June, July, and August ; and Spring, September, October, and November. 
In place of the surface winds, the observed drift of the lower clouds at the South 
Orkneys is given. The table is not wholly satisfactory, as clear weather in winter 
usually occurs with southerly winds, so that the values for south-west, south, and south- 
east are above, and northerly winds below, the values given for this season. With 
regard to Dungeness, there would appear to be a local south-west wind at the Atlantic 
entrance to the Straits of Magellan, as this wind is unusually frequent. 

Table VIII. gives an analysis of the movement of the upper clouds (cirrus, cirro- 
cumulus, and cirro-stratus) for the months and the seasons at the South Orkneys and 
Cape Horn region, including South Georgia. [For the latter station and for the 
“Belgica” only seasonal means are given. The mean direction of the upper clouds 
has been obtained by the application of Lambert's formula to the annual and seasonal 
values. The data for the South Orkneys are for the five years 1903-1907. The table 
for the Cape Horn region is from one year’s observations, 1882-83, at Orange Bay and 
Ushuaia, and two years’ observations at New Year’s Island. Another table is given in 
which South Georgia (where twenty months’ observations are available) is included 
with the above-mentioned Cape Horn data. For the “ Belgica” an analysis has been 
made of the hourly cloud observations published in extenso in M. Doprowotskt's paper.* 
I may point out that the mean annual values given by me differ slightly from those 
given by M. Dosrowotski on page 58 of his report, but the difference is not of any 
moment. ‘The cloud velocities given for the ‘“‘ Belgica” have also been deduced from an 
examination of the detailed hourly observations. 

Table IX. gives mean monthly and annual sea surface temperature at four places, 
viz. the South Orkneys, South Georgia, Orange Bay, and New Year’s Island. The 
returns from this last-named station have been extracted from the MS. daily sheets of 
observations for the period to which they refer. 

Table X. gives an abstract by months of the observations made during summer 
expeditions on the east coast of Graham’s Land and in the Weddell and Biscoe Seas. A 
comparative series of observations made at Staten Island for the same period as that 
covered by Dr Brucr’s 1892-93 visit to Louis Philippe Land is also included. 

Table XI. contains an abstract of observations made in the months of February and 
March, so combined as to give means extending over a considerable number of days for 
definite areas. 

Table XII. contains similar means for the Ross Sea, calculated from the values given 
in “Contributions to our Knowledge of the Meteorology of the Antarctic.” 

Table XIII. gives the percentage frequency and mean direction of the summer 
winds in various parts of the Weddell Quadrant and Ross Sea. The mean direction has 
been obtained from Lambert’s formula. 


* EHxpédition Antarctique Belge: Résultats du Voyage du S.Y. “ Belgica” en 1897-1898-1899 : “ Météorologie : 
Observations des Nuages,” par A. Doprowo1zskI, Anvers, 1903. 
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Table XIV. gives the mean force of the different winds for the same region on 
the Beaufort scale of 0-12. 

With regard to these Tables X. to XIV., in which the data utilised are based on a 
different number of daily observations, the values of the various expeditions have been 
weighted so as to allow for this. Thus on the “Challenger” and ‘“ Scotia” hourly 
observations were taken, while in Ross's Expedition and others the available data refer 
to observations made every four hours, and in some cases at even longer intervals. With 
regard to Biscox’s observations a numerical value (on the Beaufort scale) has been 


02 ee 1? 66 


applied to his descriptive terms, such as “strong breeze,” ‘‘ moderate breeze,” “gale,” 
ete.; the directions given when “magnetic” have been referred to the “ true” 
meridian by applying the variation for the epoch and locality of observation. 

Table XV., showing the force of the different winds during the drift of the “ Belgica,” 
has been prepared from the observations given im extenso in M. ArcTrowskI’s report,* 
the hours utilised being 4 a.M., 8 a.M., Noon, 4 p.m., 8 p.m., Mdt. 

Table XVI. gives an analysis of gale frequency at Evangelists Island and Dungeness, 
deduced from a detailed examination of the tri-daily observations published im extenso in 
the annual volumes of the Maritime Department of the Republic of Chili, 1901-1905. 

Table XVII. gives a condensed abstract of the mean barometric pressure, tempera- 
ture, etc. of the different winds at Cape Pembroke, Falkland Islands, and at the South 
Orkneys, for the seven months April to October 1903. 

Table XVIII. contains similar means based on the sixty-four days’ observations taken 
by Dr Bruce in the vicinity of Louis Philippe Land and the South Shetlands from 
December 1892 to February 1893. 

Table XIX. shows the departure from the mean of average values of pressure, 
temperature, etc. during the cruises of the “Scotia” in the Weddell Sea during the 
summers of 1908 and 1904, for each Wind Direction. 

Table XX. gives the barometric and thermal windrose for the seasons and the year 
during the ‘“ Belgica’s” drift, and the seasonal and annual departures from the normal. 
This table is based on those given by M. ArctowskI on pages 36 and 38 of his work, 
but the directions have been reduced to eight points. With reference to these tables 
of windroses (Tables XVII. to XX.), it may be observed that the values have been 
reduced to eight directions by halving the intermediate points between the octants. 
The annual and seasonal means of the climatic elements are not the averages of the 
monthly values, each of which is derived from a different number of observations, but 
are the arithmetical means obtained by dividing the gross totals by the number of 
observations of the wind in question. 

Table XXI. gives the departure from the mean of the temperature of the different 
winds at Staten Island and Rawson for January, April, July, and October, and the 
mean of these four months as representing the year. The data are taken from The 
Climate of the Argentine Republic, by W. G. Davis, p. 28. 


* Hupédition Antarctique Belge: Résultats du Voyage du S.Y.“ Belgica” : “ Météorologie,” par HENRYK ARCTOWSKI, 
Anvers, 1904, pp. 58 to 83. 
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Mean Monroiy AND ANNUAL BAROMETRIC PRESSURE AT 32° SEA-LEVEL AND STANDARD GRAVITY AT Lat. 45°. 20°000+ inches, 


F Lat. |Long.| No. of} Years Hours of Vear, 
Station. 8. | W. |Years. | specified. | Observation. Jan. Feb. | Mar.| Apr. | May.|June.| July.| Aug. | Sept. | Oct. | Nov. e 
| 

pe alent Ins. | Ins. | Ins. | Ins. | Ins. | Ins. | Ins. | Ins. | Ins. | Ins. | Ins. Ins. 

“Belgica” .|7035/8722| 1 1808-99 hourly | 9°417| 8-964 | 9°153 | 9-004 | 9-496 | 9550 | 9-450 | 9°325) 9-298] 9:293| 9°357 29°307 
Port Charcot || 6503/6326) 1 | 1904-05 9-250 | 9°156 | 8-978 | 9-476 | 9-558 | 9°389 | 9506 | 9°329| 9:350) 9-344| 9-492 29°375 
Snow Hill .|6422|/5700| 13 | 1902-03 S 9°375 | 9-143 | 9°198 | 9-280 | 9-242 | 9°330| 9°180| 9-141| 9-242| 9-100| 9-379 29°247 
The twoabove*| 6446/6013} 23 | 1902-05 - 9°265 | 9°195 | 9°125 | 9°346 | 9°345 | 9-349 | 9-289 | 9-204| 9:278| 9-181| 9:424 29:288 
South Orkneys |6044 4439/ 5 | 1903-07 is 9-251 | 9-204 | 9-157 | 9-273 | 9-239 | 9348 | 9-395 | 9-411! 9-297 | 9:322' 9-218 29-283 
South 54 31 | 36 00 1882-83 1882-83 pail arene totoal (asa) aaron o: He learee ae 

Georgia 1/2113 |3633 |} 4 {| ioce-o8 |2ovG.07 sv2-e}| 9°322| 9'866 | 9-371 9873 | 9-352] 9-458 / 9-400 | 9°596| 9-531) 9-413 
Orange Bay .|5531/6805| 1 | 1882-83 | hourly 9-441! 9:559 | 9-282 | 9-455 | 9°578 | 9-515 | 9°455 | 9°417| 9-523) 9°350| 9°279 29°447 
1875-77 ) | | 
Port Stanley .|5141|5742, 7 | 1882-88 4hourly |, 9°552) 9-541 | 9-508 | 9-624  9°631 9-616 | 9°699| 9°655| 9-665 | 9650 9670 29°618 
1903-05 

Dungeness .|5224/6825) 5 | 1901-05 8-2-8 | 9°566| 9°502 | 9°482| 9°590 9°594/ 9-511 |9°577| 9°557| 9°550| 9°561| 9°531, 29°547 
Sandy Point -|5310|7054| 14 | 1889-1902) 7-2-9 9°487 | 9-470 | 9°531 | 9-546 | 9584 | 9-680 | 9°566| 9°677| 9 684| 9°619| 9°527 | 29°568 
sofatnaig | | 5433 | 66 00 | 18-19 | 1876-1906] 7-2-9 9°431| 9-450 | 9-417 | 9-501 | 9°513| 9-548 | 9°521| 9°557| 9-621 | 9°539| 9-439 | 29°498 
MiChabat) }| 427 |6505| 14 {| 18888 fh 729 9-72 | 9°785 | 9-809 | 9352 | 9°84 | 9-959 | 9-903} 9:951| 9:974| 9-802] 9-74 | 29°858 
Aneud (Chili). | 4151|7350| 6 | 1900-05 8-2-9 | 9-987 | 10°00 | 9-972| 9-961 | 9-902 | 9-840 | 9878 | 9-987 | 9-996 | 10-026 | 10-007 29°963 
Point Gallera .|4000|7344| 6 | 1900-05 8-2-9 10001 | 9992 | 9-978 9-988 | 9-925 | 9-369 | 9-908 | 10-031 | 10-033 | 10 062 | 10°028 10-012 | 29-986 


* These values are the mean of Port Charcot and Snow Hill combined with the observations made in this region by Ross in December and January 1842- 
43, and those made by Dr BRUOE and Dr DONALD from December 1892 to February 1893. 


TABLE II. 


Mran MONTHLY AND ANNUAL TEMPERATURE. 


A No. of Years Hours of Long.| Height ‘ ‘ 
| Station. Years. |specified.| Observation. Lat. W. ect. »/ Jan.| Feb.) Mar.| Apr.} May. | June.| July. | Aug.| Sept. | Oct. | Nov.| Dec.| Year 
“Belgica”. 1 | 1898-99 hourly | 7035/8722] 15 |29:8|30:0/160/10'7) 20:2} 4:1) -20-6/11-6| -1:5|17-9| 19°6 14°6 
Port Charcot . 1 ‘| 1904-05 rs 6503/6326} 15 | 32:9|31:2/29:8|22-6| 13:3) 11:°3| — 26|20-4] 25-7 | 19-6 | 31:5 29-9 
Snow Hill. 12 | 1902-03 2 6422|5700| 39 | 380-4|95-7/13-2| 7-2] -o-8| -3-4| — 55|-3-0| 4:0] 14:8 | 17-4 10°7 
South Orkneys 5 | 1903-08 ie 6044/4439} 20 | 321) 322) 31:1/25-9| 17-7] 11-7) 9-4] 14-5| 19-0| 24-1 | 29-6 23:2 
. 1882-83 | hourly 1882-83| 54 31 | 36 00 Palette es, ‘ : Real lteaeel lines : 
South Georgia 4 { 1905-08 | 8-2-81905-08 | 5413 | 36 33 }u 41°8 | 42°0 | 39°8 | 35°4| 32°5| 29°5 28°2| 29°9| 32°6| 34°6| 37°7 35°3 
Orange Bay 1 ‘| 1882-83 hourly | 5531/6805} 39 | 46:0|48-0| 426/40°8| 39:9] 36-72/ 37-8| 37-4] (42-4)| 42-8 | 44-2 417 
Port Stanley . a { ieee ge + {max.andmin, | 5141|5742| 22 | 48:9|49°5| 458) 41-4| 39:8] 36-0) 36°6|37-2| 38-6 | 43-0 | 46:2 42°6 
Cape Pembroke 2 | 1903-04 4hourly | 5141|/5743| 52 | 48°6| 48:8] 466| 43-9| 39°8| 39:2| 35-4|37-6| 39-2] 40-6 | 44°8 49°6 
The two above 63 As above as above 51 41 | 57 43 32 48°8 | 49°3 | 46°1 | 42°2| 39°8| 387°1| 36:2|37°3] 38°8 | 42°2| 45°7 42-6 
1876-79 
same | oo f ise | 7-2-9 5452/6807} 98 | 528| 50-2] 461) 421| 37:3] 321] 32-7|35°5| 40-1 | 43:9 | 47-9 42-4 
(| 1904-06 

Staten Island 8-11 { rion 7-2-9 5423/6347] 39 | 48'7|48-0| 439/436) 40:3) 369| 36-5] 36-5| 38-5 | 41-4 | 44:6 49°1 
NewYear'sIsland.| 24 | 1904-074], 7 S10 4-M-\| 5439/6407/ 164 | 47-2| 46:3] 453/415) 362| 34°8| 34-6/36-6) 38-9 | 41-4 | 43-4 40°9 | 
Harbertown . 4 | 1903-06 7-2-9 5500/6700] 17 | 52:3|49:8| 45-9| 42-6| 365] 33:9| 33:0| 36:4] 40-4] 44:5 | 48-2 42°7 
Sandy Point ; 15 ‘| 1888-1902] 7-2-9 5310|7054| 69 | 53°4|53-0|49-4|44-6| 40:0] 368| 342|37-0| 40-6] 44-5 | 48-2 44-4 
Dungeness . .| 5 | 1901-05 8-2-9 5224/6825} 10 | 54:2) 524] 49:8|46-6| 41:2] 37:1] 35-0|368| 39-2 | 43°6| 47-8 44-6 
Evangelists Island 5 | 1901-05 8-9-9 5224|7506| 174 | 48-0| 47-0| 46-4| 45-4| 42:2] 39-8] 37-8) 39-2] 40-0 | 41-4 | 43:5 431 
Ancud .. 6 | 1900-05 8-2-9 4151|7350| 157 | 59°5|57°6|56-0|53-0| 50°6| 47°5| 45°4|46-4| 48-6 | 50-1| 53°3 520 
| Point Gallera 7 | 18999-1905} 8-2-9 4001|7344| 125 | 58°0| 566] 55-9| 54-2] 52-7] 50-4] 481/|48:0| 49-8 | 50°3 | 53-0 52:7 
Rawson . eee 1898-1500) 7-2-9 © |4317|6505| 26 | 69-9| 68-2] 63:5| 54-1] 47-7] 42:4] 43-0] 44-4] 50-9| 57-4 | 62:8 55°9 
PauletIsland* .|7months| 1903 3 hourly 63 30 | 56 00 30 113} 3:8] 3:1 69} 81] 7°0| 25:4 


* The means for this station are only approximate, 


meol siirskild hinsyn till Graham Land.” 


having been measured off a curve accompanying GOsTA BODMAN’S paper, 


“Om Klimatet i Antarktis 


TABLE III. 
Man MONTHLY AND ANNUAL AMOUNT oF CLouD 0 To 10. 
Stati Lat. | Long. | No. of Years oureiee 
ion. 8. W. | Years.| specified. aes Jan. | Feb. | Mar. | Apr. | May. ie July. | Aug. | Sept. Oct. | Nov. 
| = rem 
‘‘ Belgica” . 7035 | 8722 1 1898-99 hourly 89 | 94 | 64 | 72 | 821 65 | 49 | 73 | 64 | 8:0 | 8-0 
Port Charcot 6503 | 6326 1 1904-05 oye. O20 SiS: ere) CS) 5:9! si6-38 |) 690i ss) lars || 74 |) 8:7 
‘Snow Hill. 6422 | 5700 1% | 1902-03 Dy ie, 88 | 76 | 86 | 67 | 66 | G1 | 62} 56 | 7-2] 7:3 | 84 
South Orkneys . - = 39 5 1903-07 i 94 | 92 | 9:2 | 86 | 80 |] 74) 73 | 76 | 7:8 | 88 | 91 
‘ 00 1882-83 A é ‘ eg : : : ; : , : 
South Georgia Boral foci } an Erica avg t| 73 | 67 | TO] 70 | 70] 68 | 64 | GO| o2 | 73 | 72 
Orange Bay . 5531 | 6805 1 1882-83 hourly 86 | 79 | 84 | 81 | 76 | 7-7 | 72 | 74 | 76 | 7:7 | 85 
Cape Pembroke 5141 | 5743 2 1903-04 ites 72 | 66 | 66 | 72 | 72 | 76 | 68 | 72 | 73 | 66 | 66 
Sandy Point. 5310 | 7054 | 15 1888-1902 7-2-9 66 | 62 | 61 | 65 | 67 | 5-9 | 56 | 58 |] 55 | 56 | 63 
| Staten Island 5423 | 6347 9 1887-95 7-2-9 P22 eDale9) WeweO! \eGrk il bell be lness3) || 7-0) || 70 
Evangelists Island | 52 24 75 06 5 1901-05 8-2-9 79 Wee) 75 75 69 (83 70 7°3 Ta) 6 79 
Dungeness 5224 | 6825 5 1901-05 8-2-9 65 | 64 | 57 | 58 | 54] 60 | 56] 57 | 55 | 56 | 68 
Ushuaia . 5452 | 6807 | 10 1876-85 7-2-9 69 | 65 | 66 | 65 | 63 | 62 | 58 | 5-4 | 59 | 65 | 69 
| Rawson. aS pal iep0o),| sie | t8eO Se \ 7-2-9 42 | 38] 43148] 47 | 50 | 49 | 5a | a7 | a4 | 42 
Ancud. . .| 4151 | 7350 5 1901-05 8-2-9 Bol be 7 G:ONll OZ fec-OMllerg-galmg-Onilig:a aj gdie | 738" il 5:9) 
Point Gallera .| 4000 | 7344 5 1901-05 8-2-9 47 | &6 | 4.9 | 62 | 7:4 | SL | 7-7 | 6:9 | 71 | 62 | 6:2 


CUCL We EG ST Oo! (Gp) SO S700 =1 
RO FR BOOKER © NADH 


IQ GIGI SY CIS Ga GIGI 
OA A ROAMHERS © ANKE 
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TABLE IV. 
Mran MontTHLY AND ANNUAL RAINFALL. 
Station. ie Tene: apecy eaten Jan. | Feb. | Mar. |April.| May. | June.| July.| Aug. | Sept. | Oct. | Nov. | Dec. | Year, 
Port Charcot. 65 03 | 63 26) 1 1904-05 181 | 1:28] 1°72| 0:93] 0°63] 1:09| 0-41} 1°54] 1:06 | 0°85 | 2:29 | 1:21] 14-82 
South Georgia Perabo } 3 Cao 3:04/ 539 | 4:83| 3:36| 2-77] 2-:07| 2:46] 2-26| 4-19 | 3°03 | 8:17] 3-93| 40°50 
Port Stanley . 51 41/57 42| 3 | 1875-2 1:97 | 2°72 | 217) 1:69] 2:01) 1°69] 1:46] 1:85] 1:18 | 1-24 | 1°34] 1:14] 20°36 ; 
Ushuaia. 54 52 | 68 07 | 10 1876-85 2°46) 2°46] 2°01 2°73) 2:22) 2:07] 1:41| 1:46] 1-26 | 1°56 | 1°50 | 1°95| 2309 
Staten Island 54.23 | 63 47| 10 | {7886-93 1! 4-00| 5:19 | 4:15) 5:25] 5:76| 6-04] 4:99| 3:86/ 3:55 | s-03| 313 | 4-70| 53°65 : 
Dungeness . .]| 52 24 | 6825] 3 1903-05 2°78| 1°58 | 1°47| 1:33] 052] 1:20] 1:18] 0-47) 0°64 | 0-31) 0°49 | 1:07] 12°94 
Sandy Point. .| 5310] 7054] 15 1888-1902 | 1:57| 1:26 | 1°56| 1:40] 1°45] 0°96) 1-25] 1°30] 1:02 | 0°86 | 1°15 | 140) 15°18 
Evangelists Island | 5224 7506] 7 1899-1905 | 12°82) 9:51 | 12°10|10-44| 7:45] 7-82' 6:76) 7-04] 7-67 | 9°79 | 9:48 | 10°38 | 11126 
Ancud . .  .| 4151/7350] 6 1900-05 2°84 | 4°03 | 6°98) 8°79] 12°17 | 13°24 | 12-06 | 10°42| 9:16 | 4°79 | 4°75 | 3:40] 92°63 
Point Gallera 4001/7344] 7 1899-1905 | 2:92) 4:42 | 6:48 | 10°68 | 14-72 | 19°18 | 17°18} 12°41 | 8°57 | 4°77 | 4°57 | 3°21/ 109-11 
Isle Mocha 38 22) 7353) 7 | 1899-1905 | 0:91) 1°40] 4:25] 4:94] 9:01 |11:39| 10°53] 6:21) 3:47 | 2°00 | 1:45 | 1:19] 56°75 | 
TABLE V, 
MEAN Hovurty VELOCITY OR STRENGTH OF THE WIND. 
Instrumental Records in Miles per Hour, or Estimated Force (0-12). 
Stati Lat. Long. | No. of Years ae Jan.| Feb.| Mar.| Apr.|May.| Jun. July. |Aug.| Sept. | Oct. | Nov.| Dec.| Year. 
SOS, s. Ww. Years.| specified. Sari. laces = 2 | 2 ; r i : 2 u * % 
Snow Hill : 6422] 5700) 13 | 1902-03 Hourly | 13:5 | 15°7 | 25-0 | 17-0 | 19°2 | 19-2 | 21:4] 19°7] 17:5 |17-0]16-8| 9-0} 176 
South Orkneys 60 44| 4439] 5 1903-07 rs 8-9 | 14:2 | 16-2 | 16-5 | 15°7 | 15-7 | 13-7 | 15°0] 15-7 | 16-0 | 14:8 | 12:3] 14°5 
South Georgia . 54 31| 3600] 1 1882-83 ss 14-0 | 15:6 | 14:9 | 15°5 | 14°2 | 12°8 | 15°7 | 18-6 | 17-2 | 14:8] 17:7] 15-9] 161 
Orange Bay 55 31| 6805! 1 1882-83 e 20°5 | 17:5 | 14:8 | 13°2 | 18°3 | 12-4 | 13-6! 13:2] 12°6 (12:2)| 16-6] 16-8] 14:7 
Sandy Point 5310| 7054| 6 1897-1902 és 98| 9:1] 82] 65) 58] 45] 62] 82} 81) 97] 85] 95] 7:8 
Staten Island . 5423| 63 47| 1? 1895? as 11°5 | 14:4] 19°1] 16°3 | 17-0! 19-4 | 19-4] 17-5 | 16°6 | 15:1 | 13°7 | 125] 16-0 
“Belgica” . 7035 | 8722} 1 1898-99 Fs 2°4| 2:8] 3:0] 3:5] 26] 2-4] 16] 2:4] 2:0) 2:7] 21] 2:9) 25 
Cape Pembroke 51 41] 57 43 2 1903-04 4hourly | 45] 4°93) 46] 4:2) 44] 4:2] 41] 4:3] 44) 41) 46) 4:5] 43 
Dungeness 5224| 6825] 5 1901-05 8-2-9 | 3:5] 4:0] 41] 3:2] 3:3] 3-7] 36] 3:9] 3:5] 3:6] 3:2] 3-4] 3:5 
Ushuaia .| 5452] oso7| 7 [{i8r et | 7-29 | 56] 41] 3:8] s4| 34] 35| 38] 52) 32] 42] 43] 43] 39 
Evangelists Island .| 5224] 7506| 5 1901-05 8-2-9 | 4:4] 4:4] 46] 4:2) 4:2] 4:4] 40] 4:4] 4:5] 4:5| 4:3] 4:2] 4:3 
Point Gallera . 40 00| 7344] 5 1901-05 8-2-9 | 3:4] 31] 30] 34] 3:7) 44) 3:7] 36] 33] 33] 34] 3:2] 3:5 
Ancud .. 41 51| 7350) 5 1901-05 8-2-9 | 2:4] 2-4] 2:2] 2:5] 8:1] 3:5] 31] 31] 3:4] 3:2] 31] 24] 2:9 
TABLE VI. 
Mean RELATIVE Humipity (SATURATION=100). 
: Lat. | Long. | , No. of Years 
Station. 3. W. Hours. Years.| specified. Jan,| Feb.| Mar.| Apr.|May.| Jun.'/July./ Ang.| Sept. | Oct. | Nov.| Dec.) Year. 
Port Charcot 65 03 | 63 26 | hourly 1 1904-05 89°6 | 77-1 | 83°5 | 861 | 85°8 | 87-8 | 92-4 | 89-9 | 86'5 | 85:9 | 85:0 | 85°6 | 86°3 
South Orkneys 60 44 | 44 39 = 2 | 1903-04 848 | 85-4 | 87°5 | 86°0 | 90:0 | 89°5 | 89°3 | 87-2 | 90-9 | 89-3 | 88-7 | 87°7| 88:0 
| South Georgia . 54 31 | 36 00 i 1 1882-83 71'9| 70°9 | 72°6|77°3| .. |75°9|72°6|72°3| .. | .. 176217389) . 
Orange Bay 55 31 | 68 05 - 1 1882-83 83:0 | 80°6 | 79°5 | 83°9 | 83-2 | 88-1 | 82-0 | 76-1 | (75-1) | 83°3 | 82°4 | 83:0 | 81°7 
Ushuaia 54 52| 6307 | 7-2-9 5 1876-83 68°3 | 72°4 | '72°6 | 74°6 | 79:0 | 84:1 | 83°7 | 81:0 | '75°6 | 69-7 | 68°6 | 72°5| 75°2 
Dungeness 52 24 | 68 25| 8-2-9 5 1901-05 69'8 | 71°3 | '72°9 | 77:2 | '79°1 | 80°9 | 80°6 | 80°4 | 78'8 | 73-7 | 72°6 | 72°2 | 75°8 
Sandy Point .| 5810) 7054] 7-2-9 | 14 1889-1902 | 70-7 | 70°9 | 7371 | 74°8 | 79:8 | 76-7 | 81-0 | 74:6 | 81:0 | 69°7 | 67-1 | 69-8 | 75°5 
Evangelists Island .| 5224] 75 06| 8-2-9 2% | 1901-03 87:1 | 85°5 | 83-0 | 84°6 | 83-0 | 85'9 | 86-4 | 85°6 | 83-9 | 86°0 | 86°3 | 88°5| 85°5 
Ancud .. 41 51| 7350} 8-2-9 5 1901-05 76°5 | 80°5 | 82°2 | 84°5 | 82°9 | 86-2 | 83-6 | 84:4 | 83-2 | 79°7 | 77°5| 77°6| 816 
Point Gallera . 40 01| 73 44| 8-2-9 5 1901-05 83'9 | 848 | 86-2 | 85°6 | 86°3 | 86°2 | 84-5 | 85-0 | 84:9 | 81-0 | 82°8| 83°8| 84°6 
| Staten Island . 5423] 6347] 7-2-9 | 10 1886-96 76°6 | '77°5 \'79'2 | 81°6 | 84-1 | 86"7 | 86-4 | 84-1| 81-2 | 78°6| 76:3. 75:6 | 80°7 
| Rawson 4317| 6505] 7-2-9 | 12 |{ 18a Shoot | 71:6 73:5 |75°8 | 76-2 | 738 | 77°1| 75°5 | 849) 78-7 | 75'S | 71°6| 724) 766 
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TasLe VII. 


SHOWING THE MEAN MonTHLY, ANNUAL, AND SEASONAL FREQUENCY OF WIND IN THE WEDDELL SEA 
AND ADJACENT REGIONS, PER CENT. 


3 a Ble eh 
B |e ; fe) PS ee Lt || teh I ps 
Stations and Directions. Bless ales. ie hd g 2 5 BAP 2 5 8 8 
I a) a 2) P| 2 60 a “ ° s ‘ S =) 
See esata es eles Soe Wa eet Sole |e |e 
Antartic Research Ship N. 2/10] 6 “ier 4) 4 8) 10) £0) 9 | 2) 8) Lor) 4) 138 |. 5 
“ Belgica.” NB 28 late) SiS) 7 | ot jae) 16 | ON 19 | La hls uid. |,.20.)12)| 5 
ee ecatao E B0 27 Gis) 5 \S'\e8 | 6 iat | 7 | 20 | 22'| 15.) 13126113 | 8 
y mony? Sua Seo lG sie lee Tels loli nese) Gl teil Id \ob 08. 11) “9 
4 ape de er arise See as Deh hst ae ea ad 9) SE 5. GG ane ME Tale ZaleSi) 8 
A eee e S\s-w.| 5] 4/111] 6| 1/14/11/a1| 9/16)10/14/ 10/12! 8| 8 | 12 
8 99°97 W. W. 2| 81) 11] 13/16 | 35 | 17 | 28| 12/20] 9|10/15|14| 7/|14| 26 
on NEW 0) Wee || 04 | sel oon), 19) P74 on | 8 1% | 5 2 | 10 | 10:||- 2) 18) 14 
(Mean monthly positions are 
given in Table XV.) Calm) 760) 2 |alO) |, 69) °F |e 2@ Wes) 18 | 0 |) 17 | 14 | 11 |) we | 8) 6S has 
Ne PLO WG We et 6 lebie |}, tk ese & | bil 4) 2 | eel 11| 7 
French Antarctic Expedition. N.E. a 4 a : j a a ae ee =e a a 23 a 22 
1 year Feb. 1904 to Jan. 1905. S.E. 5 6 0 1 3 4 6 5 4 4 4 5 4 4 8 1 : 
Hourly. d Ss. 5 | 8 | 16 | 40 | 52 | 49 | 63 | 29 | 23 | 80 | 20 | 37 | 82 | 24 | 17 | 36 | 47 
Pees S.W. 16] 7| 9|12/12] 6| 7] 6| 9|22/12| 02/12/14] 15/11] 6 
Latitu s 65° 03" = Wem eSccniaOn (ONO) Ov Or) em) vo Ti) 2) tial o} 9 
Longitude 63° 26’ W. NEMA ea oe ean amon ol iénl leo a tel lol phoa | 7) 3 
Calm| 8 | 40/ 24| 26/12] 9| 9/ 8/10] 6| 7/11/14] 8|/19] 21] 9 
South Ork ‘ N. 4711 6 2 5 4 2 3 2 5 6 6 5 4 7 4 3 
~ ce geamae MeO Sees cele |) ol Too) Oiled) Gol BF leSlionl oh al 4 
3 years 1903-05. E. 6] Bh i} a! Oo il Ol a! @f Ol yl ol oi Ase a 
_Hourly. Seer ee eT aT he O eS lhe Sled 6). Ful 8h 8 |.6 192] 1 
Latitude 60° 44’ S. S. Clee o. elton Oo keSr ial) Web|) earl) 8 on! seclend | 12.) 91] 9 
Longitude 44° 39’ W. S.W.| 28 | 21 | 23 | 40 | 34 | 31 | 36 | 31 | 32 | 25 | 17 | 24 | 29 | 25 | 24 | 32 | 38 
Lower Clouds. _ W. | 39 | 33 | 38 | 33 | 22 | 38 | 42 | 32 | 46! 39 | 33 | 22 | 35 | 39 | 31 | 31 | 37 
Calms from Surface Wind N.W.| 7 | 14/| 22 | 11] 19 | 14] 12 | 18 | 12] 23 | 23 | 11 | 15] 20 | 11 | 18 | 15 
Observations. Cpim| 6) GleFl) Gi O17 9) Bl GB Gl Bw oA Gl G 9 
’ N 12 | 17 | 19 | 830] 17 | 18 | 11 | 14 | 20 | 81 | 25 | 19 | 19 | 25 | 16 | 22 | 13 
South Georgia. Nevin lO les tele teleey 3 i Sir essletOu) G6 lr SiG | 8 i 8 | 2) 6 
4 Vears 1882-83. Hourly. |E DY Of al By) wy 2 sp el os] G) 2) O) 2) 4 el] Bl 3 
1905-07. 8-2-8. Sie ieee eG Wedel eS lk Sle Sil, lero: | en 1 18.127") Bo | Sal vg 
Latitude 54° 31’ S. S. SSO Oe Gah? |e? lO ed Gy, anh 3°) 43. | “ah ath eal 9 
Longitude 86° 00’ W. in 1882-83,|S.W.| 7|/10| 6] 5/ 7/ 6/ 7/ 5| 7] 5] 8| 5] 7/ 7] 8! 6| 6 
Latitude 54° 13’ S, . | 23 | 18 | 22/19 | 28 | 15 | 19 | 21 | 27 | 14 | 21 | 16 | 20 | 21 | 20 | 21 | 18 
Longitude 36° 33’ W. in 1905-07. NO 26 | 29 | 41 | 35 | 41 | 44 | 46 | 39 | 29 | 22 | 25 | 26 | 34/| 25 | 30! 39 | 43 
alm} ... mate mate alee aie siete ee ayers + : 
N. | 18 | 15 | 22 | 21 | 16 | 28 | 17 | 21 | 21} 18 | 24 | 12] 19 | 21 | 15 | 20 | a9 
Cape Pembroke Lighthouse, |N-E.|15] 5] 6|11] 4/12] 7] 9]13|10|16]10|10/18]10| 7| 9 
Falkland Islands. SE 4 i - ; a q ‘i 4 4 : 2 : ZOO | 2 
of Wed 

2 years 1903 and 1904. S. Galea ae 2h ea aS) ie Slee Gy lhe dling Vl) 2 Bel cB hoedalll a ; A 
ee. S.W.| 18) 16] 6) 14|14| 5] 12/11 | 11] 14 | 18 | 20] 13 | 13 | 18 | 12 | 10 
; ati rok * Z 5 ALS. W. | 20 | 21 | 27 | 23 | 24 | 18 | 24 | 26 | 29 | 22 | 16 | 21 | 23 | 22 | 21 | 24 | 93 
ongitude 57° 43’ W, N.W.| 19 | 28 | 35 | 22 | 81 | 24 | 80 | 25 | 22 | 24 | 26 | 17 | 25 | 24 | 22 | 29 | 26 

Calm | ... abe Sh aleaas 

{ 


* Includes 14 days of March 1899 as well as March 1898. 
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TABLE VII.—continued. 


| 


ete ae Beet | 
Stations and Directions. 3 5 3 = = 3 re 
aio/€&|e&/8/5 | 3 
Lr) & a < = 5 5 
N. TE) | LO | eee) ARTO 2 SS 
N.E PAN; Ae OAM LEY ah] RZ 
Staten Island. E. al tt eo th ean 
10 years 1886-96. SHDR | Oy RE ce eA ot aI 
Hours 7-2-9. S. 16 | 10 | 14 | 21 | 17 | 18 | 13 
Latitude 54° 23’ S. SAW] Lome2Zai tS 6) 4s SUB es at6 
Longitude 63° 47’ W. W. 15 | 18 | 17 | 16 | 20 | 16 | 14 
N.W.| 25 | 23 | 29 | 22 | 24 | 20 | 23 
Ciba 5) SU ei) Ol, Bl) Gl) ei 


Punta Arenas 
(Sandy Point). 


6 years 1897-1902. 
Hourly. 
Latitude 53° 10’ S. 
Longitude 70° 54’ W. 


N 8 2 4 9 5 6 4 

| Dungeness (Lighthouse). yy a 5 ; 5 3 3 3 : 
5 years 1901-05. S.E 74 eo PP a oe | 

Hours 8-2-9. NS) Pali al) a HO OG 

Latitude 52° 24’ S. S.W. | 50 | 56 | 51 | 41 | 38 | 32 | 42 
Longitude 68° 25’ W. W 10 |) 13 |) 15) 15 | 19 | Is |) 16 

N.W 9 9 2 DS a a ) 
| Calm} 13 | 11 9 | 14 9 | 15 9 
N. 8 5 9 | 16 a ial 6 

N.E. 0 0 1 3 2 4 2 

E. 0 0 1 4 4 5 ai 

S.E. 1 1 2 6 | 10 6 8 

2 a 5 | 10 | 10 yale, eile || alZe 

: COA No |) UB |) PRN IGS) G2 |), ass |) AK |) al 

iota Ean W. | 26 | 27 | 26 | 15 | 20 | 12 | 12 

N.W.| 41 | 28 | 31 | 24] 19 | 24 | 22 

Oph I 7) hie |) GN) Bi] aie 


/ Evangelists Island (Lighthouse). 
5 years 1901-05. 
Hours 8-2-9. 


nl 11 | 12 | 25 | 17 | 24 | 25 | 18 
Ushuaia, coma tal Moa ealrese Peel ay 
: E. Al ds. |G 8 | 10 of 4) ala 
Tierra del Fuego. SE 5 Wo lina hbontgultio War 
43 years 1876-83. 8. DU al eee oa 24 8) 
Hours 7-2-9. S.W.| 20 | 17 | 15 | 24 | 18 | 21 | 18 
Latitude 54° 52” S. W. | 56 | 55 | 35 | 33 | 26 | 30 | 36 
Longitude 68° 07’ W. NA Well 4 8b) One FON Sales 
Calm pee | iperae ene 
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Tasie VIII. 
PERCENTAGE FREQUENCY oF UPPER CLOUDS. 
Cirrus, Crrro-Cum., AND Crr.-STR. 
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Stati d Direction Balesel aries. | Sere |e) |. |e) aie | g 
ations and Directions. g/ 5 | ¢ | e|g|s é 3 3 g S 4 | : g : 
Does nee eels Meeeeneetincelees staal mreilud a | a | 
N. 2 CU GIP} UE 7 el ee! Sie el) 5) 0 GUN By DN GH 
N. 3 2/} 0 3 1 0; 4 7 0 3) 38 0 2 2 2 1 4 
EB. 3 A |) ak Py OM) 7 @)! Oy Bi al BO} si al : 
S.E. 3 Ih, Sef Boal TN th Oy Oy Bi i al 
peas Orkneys, 1908-1907 s. |16| 8| 5/171 14/ 22/12] 12| 11] 1] 1| 2] 10/| 4] 8] 19] 16 
S.W,| 12 | 23) 31 | 20 | 15 | 80) 17) 26) 82) 27) 14) 16) 22) 25) 17] 21) 22 
W. 48 | 32) 33 | 32 | 21 | 24| 32 | 20) 39 57 56) 63 89| 50) 51) 29) 26 
INEWiallsn | e2bil i ale2on een Sil 22 TS i STE La Moi adi) 24) 4 
Number of Observations. 99 }113} 86 | 89 | 98 |120] 84 | 95}118 105! 87) 133 | 1227 | 310) 345) 273 | 299 
: N. By) AU GS wb A SBE BYE Gas | IG) OL ea aE aS eee 
Cape Horn Region. NGPA eS ero von AON Si eOiaonl Si eOl oO) 0 10, t\..O 1) 1) 2 
From observations at Orange | E. 0 ON OO 0; 9 Ol O; OF Of 0; O}; OO; OO; 8 
Bay and Ushuaia during the JS.E. | 0] 0] 0} 0} 0} Oj O OO Oy Wo 0; O; Oj; oO; O 
year 1882-83, and at New |S. d 8; 0} 13 | 10 33/0 Gi Or Si) Od SN ee 
Year’s Island, December 1904 |S. 21 6/ 0/| 14 | 22) 20) O 0} 20! 18} 18] 18 14] 17) 16) 138 9 
to March 1907. W. 46 | 56| 47 | 42 | 33) 48| 58 | 50] 15, 39) 48] 55/ 45] 35) 52| 41) 49 
N.W.| 24 | 19) 47 | 28 | 15} 11) 0} 33) 40) 21) 34] 19) 238) 31) 21) 27) 8 
Number of Observations. 39 | 26] 18 | 31 | 20 | 23] 12] 16] 20) 24) 22) 37| 288] 66|102| 69) 51 
| 
N. 5 Cl EI ey hp aly) al] aie | ee) aly Bh) by Qi Hy) ef) IG ae 
N. 4 OF Ol OS 0; 0 Tale 4a) Cie cO)l 8 i PH ati By 
Cape Horn Region. 1 Oo} O OF OH O 0) 5 ui 2) O} Ol Oo i) Oy Oi wy 
: « S.E. | 0 0; O| 0} 20 0; 0 Oi Oi} Ol all o iy O Gl OF © 
Georgia, 1882.85 eae Ss. Paes) Oe) eo Be e102 eo) ONG ol 4) 5) 18) 12) 5) 2 
‘ Seer LOM eZ Ol el om iON on DSi li 23h esis Lae ES bs 18) | 2) Wb) rs 
W. 47 | 59| 39 | 45 | 21 | 40} 50 | 43} 11) 29) 39) 48) 42) 51] 35] 44) 30 
: N.W.| 26 | 14) 40} 30] 8] 12] 11 | 19] 81} 36| 44) 22) 25] 21) 27) 15} 39 
Number of Observations. 75 | 75) 46 | 44 | 41 | 26] 22 | 44] 26] 86] 53] 65) 592/154) 215/131; 92 
| Mean Direction of the Upper Clouds. 
Seasonal Percentage Frequency of Upper Clouds. 
| South Georgia. e - 
“ eee South South Eels) eto 
7 Belgica. . with South 
| Spring. | Summer.| Autumn.| Winter. | Year. OEmeyE. Georgie, Georgia. 
= | 
N. 0 : ° ° ° ° 
| NE. 7 ; 4 ‘ A Spring S. 86 W. | 8. 76 W. | N. 47 W. | N. 82 W. 
| E. 4 0 0 0 0 Summer . S.10 W. | S. 85 W. | S. 87 W.| N. 76 W. 
| SE. 0 1 7 0 y Autumn . S. 61 W. | S. 86 W. | S. 42 W.| N. 82 W. 
Ss. | 0 2 20 10 7 Winter S. 69 W. | S. 68 W. | S. 68 W.| N. 85 W. 
S.W. 7 23 14 30 19 Year S. 66 W. | S. 81 W. | N. 89 W. | N. 77 W. 
W. 32 51 Nets : 
N.W. 50 20 a Es a Mean Annual Direction, Ushuaia : . N. 81 W. 
3 95 i New Year’s Island . N. 74 W. 
”) ” ” ” ” & Orange Bay N. 68 W. 
‘« Belgica.” 
“ Belgica,” Seasonal Percentage of Upper Clouds. 
Mean Rate of Movement, Upper Clouds. Scale 0-5. 
| Spring. | Summer. | Autumn.| Winter. | Year. 
N. |N.E.| E. |S.E.| S. |S.W.| W. | N.W.| Mean. | a 
ric == sae ee ae / N. 3 3 ‘A a 2 
Spring 4 . | 2°38} 290] 1°7 | 2°71 2°5 | 255 2°2| 2:0 2-3 N.E, 10 3 Sele 3 5 
Summer . 110/25) 22/1 5/11°8/1°6| 1:3 16 17 E. 3 7 4 oon 3 
Autumn wf] ee [10/20/17] 15/18] 2:3] 1-7 S.E. 8 23 4 a 8 
ae |. (80) |... 15) o4)23| 21/93 | | S a cas 2 Bee pe 
Year. 6 . | 1°8| 2:2) 1°9| 1:7 | 2:0 | 2° 1] 95 eqn aie 7 34 
7|2:0|20}21]| 2:0 | 21 a, re i mt — - 
N.W. 25 14 18 21 20 
TRANS. ROY. SOC. EDIN., VOL. XLVII. PART I. (NO. 5). 18 
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TABLE IX. 


Sea SurRFACE TEMPERATURE. 


/ / ‘Hours 
Station. - —_ paar) acento Serve Jan. | Feb. | Mar. Apr. |May.| Jun. | July. | Aug. | Sept. | Oct. | Nov. | Dec. | Year. 
jon. | 

| ° , ° , ' AM. ° ° ° ° ° ° ° ° ° ° ° ° ° 
| South Orkneys . | 60 44 | 44.39] 5 1903-07} 8 |31°8|32:2|32:0| 30°5 | 29°4| 28°7 | 28°7 | 25'7'| 28°8 | 29:0 | 29°8 | 31°3 | 80°1 
South Georgia . | 54 31| 3600); 1 1882-83} 8 |39°4|40°1/37°5 | 34:2 | 32°2|380°1) 82°8 | 34:2] 30:2 | 33°8 | 35°9 | 37°8 | 34°8 
Orange Bay . |55 31) 68 05] 1 1882-88} 8 |49°7|50:2| 46:9] 45°5 | 43:0 | 42°2| 42-1] 47°0 |(41°5)| 42°4 | 46°2 | 48°7 | 45°0 
) New Year’s Is. . | 54 39 | 6407] 24 | 1904-07 |7 or 8) 47°7 | 46°8 | 46°4| 43:9 | 41°5 | 39°6 | 38°6| 89°5 | 41°1 | 42°3 | 44 4| 46°0 | 43°2 

TABLE X. 


ABSTRACT OF OBSERVATIONS MADE DURING SUMMER, EAsT CoAsTt OF GRAHAM’s LAND, WEDDELL AND BISCOE SEAS. 
Mean BAROMETRIV PRESSURE AT 32° Spa-LEVEL AND STANDARD GRAVITY AT LATITUDE 45°. 


Days of | SBaro- | Mean Air ee Sea Mean 
i ition. Lat if onth. ‘va-| metric _| Surface | Mean Force 
Position. Expedition Long M eerie in Loe, Rempee Tempera. Cloud. | Wing, 
rea ene Po Inches , ~ 9 0-10 | 0-12 
E. coast of Graham’s Land} Ross, 1842. . | 62 47 |5812 W.| Dee. 8 29°1138 33:1) 82°7 sate 4: 
e 93 s 43) eLOkG-« . | 64 22 |56138 W.| Jan. 31 29°116 30°8 30°8 =n 32 
= 99 », | Bruce, 1892 Dec. 15 29°402 311 aes 9°0 2°6 
a P nS Ay) ICR Bie 63 40 | 5500 W. [n 31 29°318 311 9°3 4-1 
a 4 an » 1893 Feb. 18 29°205 29°6 ih 9°3 5:3 
~ A », | Donald, 1892 Dec. | 15 29408 32°4 32°0 “s a 
. Pp " +3 193 | 63 25 |56 00 W. {s. 31 29°321 33'2 32°0 A Bo 
s ne a », 1893 Feb. 18 29°242 30°6 31:3 Be 
Weddell Sea . ; . | Ross, 1843. . | 68 49 |386 36 W.| Feb. 28 29°308 30°7 80°7 00 3°6 
i pe : . | Bruce, 1903. . | 64 00 |29 45 W.| Feb. 28 29°112 27°8 30°0 91 18 
e pas , : a7 L908) . | 64 01 |4052 W.| Mar.| 81 29°0385 25°0 29°4 9°5 2°6 
~ Pita F ’ 1904. . | 70 18 |17 47 W.| Mar. | 81 29°066 25°0 29°7 8°8 2°8 
aS ear 5 . | Ross, 1843 — x. . | 69:06 |14382 W.| Mar. | 11 29°122 28°9 30 2 os 4°9 
Biscoe Sea. : . | Moore, 1845 . . | 64 09 | 3914 E. Feb. 27 29138 32°3 32°5 e 4:0 
Syne Ss Z - ; FP eee . | 61 46 | 8514 E. Mar. | 10 28°980 33°5 32°5 fs 3°9 
Sat es 5 ; . | “Challenger,” 1874 | 64 01 | 86 21 KE. Feb. | 17 28°931 30°7 32°1 9:0 3°9 
* Staten Island 3 f 5 1892 | 54 23 |63 47 W.| Dec. 15 29°226 46°0 ise 95) F 
= “a 3 : ; A 1893 | 54 23 |6347 W.| Jan. 3l 29°432 48°4 6°8 Spo 
= ; s ; A 1893 | 54 23 |63 47 W.| Feb. 18 29°525 45°9 6°4 
| 


* These observations are for the same periods as those included in the observations taken in 1892-93 by Brucn and DonaLp. 


TABLE XI. 


ABSTRACT OF METEOROLOGICAL OBSERVATIONS FOR FEBRUARY AND MARCH IN THE WEDDELL AND BIScoE SEAS, FROM 
OBSERVATIONS MADE ON THE ‘“‘ScoTiA,” ‘‘ CHALLENGER,” ‘‘Pacopa,” ‘‘EREBUS,” AND ‘‘ TERROR.” BAROMETRIC 
PRESSURE AT 32° SEA-LEVEL AND STANDARD GRAVITY. 


Mean Position. 


Days. : Mea 
Month. Tatifate. —_s Giiserve: Barons dees Sea sumaee 
: Lat. S. none tions. Pressure. P - | Temperature. 
| i ® one oa Inches. a z 
| February ; i ; ; : 60 to 65 62 25 387 23 W. 45 29°258 30°4 30°9 
a é 4 - : 4 2 60 ,, 65 62 42 63 45 EB. 45 29°031 32°6 32°6 
% ; ; 4 F é 65 ,, 70 68 09 22 48 W. 18 29°223 26'1 29°2 
- ; , - 2 : 65 ,, 70 66 20 49 52 B. 13 29°159 30°2 30°1 
Mach . . . . . «| 60.65 | 6249 | sobeWwo| w 29:099 26°8 30°0. 
- P 3 a . ‘ P 60 ,, 65 61 57 84 12 E. 9 28°992 33 °4 382°5 
5 : : F : F 65 ,, 70 67 54 23 09 W. 28 29°14] PAA 30°0 
yy he oe ot kw | WO ace eo 8. NY) ooron wy eae 29°048 23°6 29°5 
” 5 ‘ ' ; uy 4 65 ,, 74 69 55 21 45 W. 51 29°099 25°9 29°8 
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TABLE XII. 


ABSTRACT OF OBSERVATIONS MADE IN THE Ross SEA AND VICINITY ON BOARD THE ‘‘ EREBUS” AND ‘‘ TERROR.” 
SuMMER BAROMETRIC PRESSURE AT 32° SEA-LEVEL AND STANDARD GRAVITY. 


i i Sea Surface 
Position S. Mean Lat. S. Mean Long. Ona Hebi ar ee ie Tee, Sat eerie: 
e iy. ° ft? ° / ° , Inches. ° ° 
60°00 to 62°30 60 30 143 40 W. 8 29°148 34°8 35°9 
65°00 ,, 67°30 66 26 156 46 W. 42 29°289 30°8 28°8 
67°30 ,, 75:00 71 16 177 09 E 55 28°958 27°8 30°0 
75°00 ,, 78:00 76 45 177 37 E 34 29°039 25°9 29°7 


TABLE XIII. 


SHOWING THE PERCENTAGE FREQUENCY AND MEAN DIRECTION OF WIND IN THE WEDDELL QUADRANT, BIScoR SEA, 
AND Ross SEA DURING SUMMER AND EARLY AUTUMN. 


Days. | | 
Locality. Tat. | Long. Observers. Months. | Obser- | N. |N.E. E. |S.E.| S. |S.W. | W.|N.W.) Mean. 
: vations. : | 
E. Coast of Graham’s Land . | 63 48} 5513 W. Bruce and Ross Dec.-Feb. 103 12 | 14 | 10) 12 | 18] 12 9| 13 |S. 22H. 
z - - 63 40| 5500 W. Bruce ‘aus 64 |13|) 15/11] 14/20] 6 | 7| 14 |S.505. 
Ey “a 3 63 25| 5600 W. Donald ers 64 |13/ 18 | 15] 12 |94/ 2 |13| 8 |S. 70K. 
; * » . | 6422] 5613 W. Ross Jan. 31 |11| 15 |10/ 8/13] 28 |12] 38 |S.95 Ww. 
Weddell Sea. . A .|63 49) 3636 W. Ross Feb. 28 9} 10 | 18 | 28 | 18} 11 2) 4 |8. 4445. 
“6 a a a . | 70 24| 21 59 W.)| Ross and Bruce, S. of 67° 30’ March 43 16 | 20 | 19 9 5 7 8/| 16 |N.18 BE. 
“f 1s : 5 . | 68 01 943 W. Biscoe and Bruce Jan. and Feb. 31 Gp Ge ae | 2455 aby) a8} 2 i SE Sein: 
Biscoe Sea ., ; . . | 6409) 3914 E. Moore eb. 27 13 | 24 | 17 9 | 2L 7 3 6 IN. 605. 
aoe | : .|6336| 5010 EK, Feb. and Mar.| 37 /|10/ 22 |17| 18 |20| 9 | 4] 5 IN.81E. 
a 6130) 5948 B. 5,  60°-62°30/ S. - a 15 Bl Ge | el ey | Sa ee] ee Reraae | 
eer; 6452) 4418 B. » 623°-67° S, a ie Oy | st | Be Oil) Te Be aN) GI 
Veo.) . .|6608) 4116: | Biscoe 5 35 52 9) 1 || 18 |} 44| 12 | §| 4 1S 44k 
ees 5 6. 60106] 68.41 BH, = Mar. and Apr.| 23 |16, 52/12/ 4] 9] 2 | 5!| O 'N.508. 
” ” ° 4 ; .|6401| 8621 E. “‘Challenger”’ Feb. 17 LOA LOSI ae ae) Ta Ss SS 7 aWi 
South Atlantic . ; . | 5934] 27 29 W. Various 56°-64° S. Dec.—Feb. 45 10| 4 3 3/18) 30 | 15/ 1% |S. 72 W. 
= = .  .  .|5830| 43 22 W. »  56°-64° S. ih FE 30 8/ 0] 0] 1] 6] 24 | 42| 24 |S.88 Ww. 
ae « . .  .|5319| 5853 W. » 52°-56° S. es 19 7/14] 2] 1 | 2] 27 | 27! 20 |S.79W. 
5 . . ./4652] 759 W. Scotia ” Apr. 30 |15; 7 | 4] 4] 4] 14 | 21| 31 |N.58W. 
*Staten Island 5 . .| 5423] 6347 W. ae Dec.-Feb, 64 11 0} O| 5 | 26] 16 | 20} 22 |S.e8 Ww. 
Ross Sea Region . é - | 60 30 | 143 40 W. Ross 60°-623° Be 8 4) 0 0 DQ | 32e 240) 12) S78 aw 
cal een ar 3 2 . | 66 26 | 156 46 W. », 65°-673° 42 11 | 17 | 13) 15 | 16; 10 8| 10 |S. 75K. 
ee se) 2 \)70 16)|\ 177 09/2) > O7R°-75° 55 6 | 8| 15 |19| 18 |17| 10 |S. 9w. 
93 yy . ' -| 76 45 | 177 37 EB. »» 75°-78° 34 8 7 | 10} 22 | 22} 18 9 4 |S.10E. 


* These observations are for the same 64 days as those included in the observations of Drs BRUCE and DONALD given above. 


TABLE XIV. 


MEAN FORCE OF THE WIND, SCALE 0-12, IN THE WEDDELL QUADRANT, BiscorE SEA, AND Ross SEA DURING 
SUMMER AND Earty AUTUMN. 


Mean Force. 
me Lat No. of 
Position. 3. Long. Observers. Months. Obser- = 
vations.| w.|N.E. E. S.E.| 8. |S.W.| W.| N.W.| Mean. 
E, coast of Graham’s Land. | 6348} 5513 W. Ross and Bruce Dec.-Feb. 641 /2-4] 3°3 | 3:0} 31)53] 3°99 | 2:9] 3:3 3°5 
on ae a 63 40} 5500 W. Bruce ne “9 483 | 3°9|) 3°3 | 3°4| 3:4 |60] 5:1 |2°4/] 32 4°0 
” ” ” 62 47/ 5312 W. Ross Dec. 41 /1°5/ 20) .. .. | 43] 4:7 | 5:5] 3°6 4:0 
An = = 64 22| 5613 W. Ross Jan, 180 |46/] 3:3 2:0} 2°0/3°0| 3:3 |31]| 4:1 32 
Weddell Sea ~ ; . |6349| 3636 W. Ross Feb. 164 |3°9| 2°7 | 3:4) 42)3°9] 3:9 |3°5] 3:9 3°6 
5 i : : . |6617] 2803 W. © Scotia” Feb. and Mar.| 2059 |2°4| 2°5 |83)| 2:°2/1°9| 2:1 |2°9| 2-4 2°5 
a 3 - ; . |6906| 1432 W. Ross Mar. 63 |3°2| 6-2 /6:3| 4°7 | 24) 1:5 | .. | 2b 49 
ee - P x . | 7024| 2159 W.| Ross and “Scotia,” S. of 67° 30'S. 1026 |2°5| 35/45) 38/17) 21 | 2:7] 2:4 B 
Biscoe Sea . : A . |6407| 39145, Moore Feb. 151 |3°5| 3:7 | 3:4) 4°7|5°6| 4:2 | 3:7) 4°9 4:0 
Pees 3s 4 6886 5010 R; Fs Feb.and Mar.| 212 |3°4| 3:5 |3-7| 43/56] 41 |40] 3:9 | 3-9 
ee 61830) 5048 5 60°-622° S. <i 88 /2°8| 3:3 26] 35/50) 41 |41] 3:5 | 3:9 
me Sates 641d?) 441818, athe 6242-67515: is i 124 |35| 39/|36/ 49/63) 45 13-7] 38 | 40 
4 sllls > i . |6401} 8621 KE. “ Challenger ” Feb, 392 |45) 2°8/3°6| 4:2 /3°7| 2:7 |3:4| 4°4 3°9 
Ross Sea Region . A . | 60 30 | 143 40 W. Ross 60°-62}° an 48 |5°2) .. -.| 50/40) 59 |5°6] 5:4 52 
Ooh aa : “ . | 66 26 | 156 46 W. », 65°-67°30' ar 245 |3:'7|) 3:0 |2°7| 24/33) 3:4 |3°'7| 3°5 30 
tae D : 3 . | 7116] 177 09 E. », 87°30'-75° He 319 | 3°3) 3°71 4°5| 52/4°7) 4:2 |4°7| 46 4°5 
Bla Ser op 6 ' . | 7645 | 177 37 E. », 75°-78° 198 |3°0| 31 374 53/47) 4:5 |3°5| 3°5 4°3 
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TABLE XV. 


MEAN Force or THE WinDs, ‘‘ Bencica,” Hours 4-8 Noon, 4-8 Mipnieut. (ScALE 0-12.) 


Mean Position. 
Month. N. N.E. E. S.E. Ss. S.W. Ww. N.W. Mean. 
Lat. S. Long. W. 

January . = “ 70 13 86 56 2°83 31 2b 21 2°6 16 13 AG 27 
| February . : : 70 40 92 40 2°0 29 3°5 3°6 27 274 19 16 2°9 
*March. C 2 . 71 03 93 10 27 4°7 5:2 24 1'8 22, 2°38 2°83 32 

April . H F A 70 57 90 12 3°0 3°3 . 48 5:2 3°0 2°0 3:2 3°2 38 
| May . : 2 F 71 04 88 58 2°9 | 3°3 3:2 3-6 24 2°3 2°6 25 2°8 
| June . ; : : 71 09 85 40 1:8 2°5 2°5 2°6 19 2°6 28 2-0 2°5 

July . . ‘ . 70 44 86 40 16 27 20 2:9 Ly ure 19 2°5 2°0 

August ; : 4 70 28 87 20 2°9 2°0 2°4 2°4 2°6 2:3 2°5 3:0 2°6 

September . . 70 07 82 44 3-1 31 2°6 21 16 12 29 30 2°5 

October 7 ‘ 5 70 04 81 40 2°8 24 3°5 39 3°2 3°2 3:3 2:3 30 

November . ‘ “ 70 05 82 14 2°2 3°0 3:4 30 15 1-4 2°3 2°3 2°6 

December . : - 70 04 84 18 ae 2°8 2°8 2°6 isk Pe 2°5 1:0 2°6 

Year . . A 5 70 35 87 22 27 31 3:2 SL 21 2°2 27 26 2°6 

Spring a : ‘ 70 v5 82 13 2°8 29 3:2 27 2°2 22 2°9 2°6 27 

Summer . : - 70 19 87 58 ZPD 2:9 29 28 21 24 2°2 1:35 27 

Autumn. , rs 71 O1 90 47 29 38 48 4°2 23 2°2 2°8 2°8 33 

Winter : . ' 70 47 86 33 2°3 2°3 2°2 a7 1°8 22 2°6 a7 2:4 


* Includes March 1898 and March 1-14 1899. 


TasLe XVI. 


GALES, ForcE 8 OR UPWARDS, RECORDED AT DuNGeENess (Lat. 52° 24’ S., Lone. 68° 25’ W.) anp 
EVANGELISTS IsLaAND (Lar. 52° 24’ S., Lone. 75° 06’ W.), 5 Years 1901-05. 


All Gales recorded Percentage Frequency, Dungeness. All Gales recorded Percentage Frequency, Evangelists Island. 
N. |N.E.| BE. |S.5.| 8. |S.W.) W. | N.W. N. |N.E.| E. |S.E. S. |S.W.) W.| N.W. 
Spring . 5| 1] 0] 0} 2|69/|18| 5 | Spring 4| 0| 0| 6] 1) 10 | 20) 65 
Summer 1 Hea Oa |p lp 2 1 | Summer df oti |ie Citi (ih weal 2 | 13 | 20! || 538 
Autumn (Hl |) 2/77!) 7| 8 | Autumn é 5 aal yO) Or) it] ae ibe ey) 43 
Winter . : 8 8 2) 2 9538) 1-20) 8) 4) Wanter. ‘ By Oy) 7 i) ak) aby alte ali 40 
Year 4 | eee es asl) Year HNN ON) PrN aU 97 TBs Wy a) || Bil 
| Gales per 1000 days of each Wind, Dungeness. Gales per 1000 days of each Wind, Evangelists Island. 
| nw. [NB] EB. /8.E.| 3. |S.w.| W. | N.w.| Mean. N. N.E| BE. /s.z.| s. |s.w.| w. | N.w. | Mean. 
Yh ca | | | | | | 
ae | 
Spring . Pe ou.) ab 0 0| 79|192)113| 44 | 108 | Spring . | 73) 0 0| 87| 19}113/181] 281 | 157 
Summer . | 28 | 82 | 0 0) 955 ep 36| 16 | 114 | Summer 152, 0 0/125) 34] 87) 92] 177 | 115 
Autumn - | 85 0 | 95 103| 56/151! 35) 23 85 | Autumn F 161 | 0 0| 35/152)119)131) 273 | 148 
Winter. . | 41 | 68 | 75 | 62)125)186| 99) 75 92 | Winter . | 76) 0/146] 29)121/1538)152)} 245 | 141 
Year | 63 | 31 | 50 46) 88/172) 74] 38 99 | Year . : 18, 0) 86] 37) 96)118]124) 242 | 140 
| 
Monthly Gale Frequency per Cent. 
= a eee eee eee eee eee 
Jan. | Feb. Mar. | April. | May. | June. | July. | Aug. | Sept. Oct. Nov. | Dec. | Year. 
i a — 
Dungeness 5 ; . ‘ 95’ |) 1670), 109 6°0 7°6 78 SF 10229) Oras LO 8°7 9°1 9°9 
Evangelists Island - » | 14°F) LLB) 16°7-) 162) | 1258 6B ea io) sae Zalelieon alaey 8°7 | 14°0 


Mean BAROMETRIC PRESSURE AT 32° SEA-LEVEL AND STANDARD GRAVITY; MEAN TEMPERATURE ; 
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TaBLE XVII. 


CLouD 
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AMOUNT ; 


AND WIND Forces, witH Various WINDs, AT Lavriz IsLAND, SOUTH ORKNEYS, AND CAPE PEMBROKE, FALKLAND 
ISLANDS, FOR THE SEVEN Montus APRIL TO OcToBER 1903. 


South Orkneys. Cape Pembroke, Falkland Islands. 
| 
Wind. Pressure. | Temperature. Cloud. Wind Force, Wind. Pressure. Temperature. Cloud. | Wind Force. 
baie | 
Inches. $ 0-10 0-12 Inches. : 0-10 0-12 =| 
N. 29°351 24°8 eal 2°5 N. 29°712 41:9 75 4°0 | 
N.E. “208 22°4 9°5 1°6 N.E. 808 41°4 85 4°9 
E. *250 8°1 6°6 12 E. 804 38'6 48 29 
S.E. 234 5°6 72 1°3 S.E. 725 | 349 7°0 3°6 
S. 215 52 6°5 1:3 Ss. 780 372 77 4:3 
S.W. 318 7°4 6'3 1°4 S.W. 684 37°6 7°5 51 
W. 215 23°9 70 98) W. *649 37°9 5°8 4:2 
N.W. 320 26'9 8°6 2°8 N.W. 714 40:0 59 3°9 
Calm 386 11°0 One 5 Calm ae | vac ‘3 ve 
Mean 29°297 17°6 76 2°0 Mean 29°715 | 39°8 Oy 4°] 


Dr W. S. Brycr oN BOARD THE ‘“‘BALmNA,” DecrEMBER 16, 1892, To FEBRUARY 18, 1898. 


TABLE XVIII. 


MEAN BAROMETRIC PRESSURE AT 32° SEA-LEVEL AND STANDARD GRAVITY, MEAN TEMPERATURE, CLOUD, WIND FoRcE, 
WITH VARIOUS WINDS, FROM OBSERVATIONS MADE AT JOINVILLE LAND AND ‘‘EREBUS AND TERROR GULF” BY 


63° 40’ S., Mman LonerTupE 55° 00’ W. 


MraAn 


LATITUDE 


Wind Direction and Number of Observations. 


Pressure. Temperature. Cloud Wind Force. 
Observations, Inches. s 0-10. 0-12. 

55 29°434 31°9 8°6 3°9 
62 875 31°4 9°3 3°3 
46 ‘501 31°2 8°7 3°4 
61 “145 29°8 91 3°4 
85 Alea 27'°8 9°2 6:0 
23 163 31°4 9°2 5'1 
30 *326 33°2 7°'0 24 
58 “306 32°4 9°0 3°2 
55 "486 31°9 80 50 

48 29°308 30°8 9°2 40 

TABLE XIX, 


SHOWING THE DEPARTURE FROM THE AVERAGE OF MEAN VALUES OF THE CLIMATIC ELEMENTS IN THE WEDDELL 


SEA WITH DIFFERENT WINDs SovutH oF 60° S. DURING THE CRUISES OF THE “‘ScoTIA” IN 1903-04, 


Mean Position. 


1908. 
Lat. 64° 23’ S. 


53 days. 


1904. 
Lat. 70° 03’ S. 


38 days. 
Feb. and March, 


Long. 34° 37’ W. 
Feb, and March. 


Long. 20° 43’ W. 


Norx.—The heavy type indicates above the average, and the italic type below the average. 


Direction. 


Wind 


Pressure. 


Inches, 
0:119 
‘089 
1384 
229 
‘057 
026 
058 
‘116 
079 
29°090* 


0-172 
080 
‘11h 
121 
229 
“112 
154 
“040 
299 
29-018* 


Temp. 


bo 
OOO SRENSHKHOD © 
SOWWA BWBGSSHSHRSYS6 


TS PHS HWS &w 
IS DON S 


i) 


Cloud. ig aa Humidity. ae No. of Observations. 
0-10, Inches. | Per cent. 0-12. Per cent. 
04 012 1 O-4 212 17 
0:2 ‘001 il 0-0 242 19 
0'7 001 i 0-7 119 9 
0°0 009 1 01 17, 9 
0's ‘020 if 0:2 126 10 
O04 002 3 06 144 11 
08 005 3 0:7 109 9 
0:5 ‘015 3 0:3 133 10 
eS} ‘O14 4 a 70 6 
9°4 “123 83 2°4 | Total 1272 100 
0'8 019 8 0:3 128 14 
0-1 ‘010 6 0:0 102 11 
0'3 ‘010 6 0:8 100 11 
0:2 002 2 11 52 6 
12 ‘027 10 I'4 66 i 
0°8 018 15 0-2 131 14 
0:5 005 0 0:0 136 15 
0:5 008 5 01 142 16 
1s 085 4 = 55 6 
8°7 118 83 2°6 Total 912 100 


* At 32° Sea-Level and Standard Gravity at Lat, 45°. 
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TABLE XX. 


THERMAL AND BAROMETRIC WINDROSE DURING THE DRIFT OF THE ‘‘ BELGICA” FOR THE SEASONS AND THE YEAR. 


Mean Temperature of the Winds. 


ft ae N.E. E S.E. s S.W. Ww. N.W. | Calm. | Mean 
| Spring 26'2 20°3 13°6 1°4 -— 3'3 52 10°4 DALY 5'5 12°0 
| Summer ‘ : ; SL edie 31:0 28°9 24°9 25°9 26°6 29°2 26°6 29°3 
| Autumn . 3 ; . | 25°0 | 24°6 18°8 5 81 84 12:2 19-1 79 15°6 
Winter ‘ : ; BS lelalcb 12°6 11°8 81 —- 65 | - 9:9 22 11:5 -121 M7 
Year . 23°9 | 24°6 22°2 by ys) 52 9°0 176 4:3 14°6 
Departure from Annual Mean.* 
| N N.E E S.E. 8 s.W. Ww N.W. | Calm, | Mean 
Spring 2:3 438 86 143 8'°8 0:0 14 41 1:2 26 
Summer . : : 5 72 7:0 8:8 13-2 19°4 20°7 17°6 116 22:3 14°7 
Autumn. . i ‘ ilo 0:0 34 8:2 2°6 3:2 3:2 15 3°6 1:0 
Winter P : - ml) one 12°0 10°4 | 76 12°0 15-1 6°8 61 16°4 12'9 
Mean Barometric Pressure of the Winds. 
N. N.E. E. S.E. Ss. S.W. Ww. N.W. Calm. | Mean. 
| Spring 9°225 9°300 9*221 9-158 9°178 9°398 9°438 9°351 9°382 | 29°316 
Summer 9°012 9°394 9°288 9°166 9°288 9-315 9°296 9°296 9:°398 | 29°277 
Autumn 9°343 9:091 9°012 9-036 9°347 9°162 9'288 9°382 9:°272 | 29°194 
Winter 9°461 9°347 9°233 9°180 9°300 9°339 9°611 9°489 9528 | 29°442 
Year 9°288 9°288 9°205 9°142 9°221 9°312 9°461 9°406 9°410 | 29°307 
Departure from Annual Mean.* 
N. N.E. BE. S.E. Ss. S.W. Ww. N.W. Calm. | Mean 
Ins. Ins. Ins. Ins. Ins. Ins. Ins. Ins. Ins. Ins, 
Spring ‘063 012 ‘016 016 O48 086 028 055 028 ‘009 
Summer 276 106 083 024 067 ‘003 165 110 012 030 
Autumn 055 197 198 106 126 ‘150 Tid O24 188 118 
Winter 173 059 028 038 ‘079 027 150 083 118 185 
* The heavy type indicates an excess, and the italic type a defect. 
TaBLe XXI. 
THERMAL WINDROSE, STATEN ISLAND AND RAwson. DEPARTURE FROM THE GENERAL MEAN OF THE 
MONTHS SPECIFIED. 
Sraten Isnanp. LatirupE 54° 23’S., LoneirupE 63° 47’ W. 
N. N.E. E. 8.E. 8. S.W. w. N.W. 
| ° | ° ° ° ° ° ° ° 
| January +1°4 -1°'8 —0°4 -1°4 -0°9 -0°2 +1°3 +22 
April +1°4 | +1°'8 -0°4 - 2°0 -—3'2 -1°4 +2°0 +1°8 
| July | $25 | +16 | +171 -22 | -40 | =-11 | 402 | 42% 
| October +2°0 +1°'8 -11 —3'8 —3:'2 +0°2 +1°4 +2°7 
| Year +1°8 +0°9 -—0°2 -—2°3 —2°9 —0°5 +1°3 +2°2 
Rawson. LATITUDE 48° 17’S., Lonerrupr 65° 05’ W. 
January +2°9 -3'4 ‘-1°4 -1°8 -3'1 +0°7 +2'2 +4°1 
April +18 +0°2 +0°5 -1°3 -3°6 +0°2 —0°7 +2°7 
| July . +1°8 +2°2 0°0 -1°8 -25 -4°3 -02 +4°7 
October é +3°1 +13 —2°5 -4°3 -5°4 +1°'1 +3°2 +3°6 
Year : | +2°3 0°0 --0'9 -2°3 —3°6 -0'5 +1:1 +3'8 


—— 
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Additional Note, received 6th September 1908. 


Notre on THE Mean MontHiy anp ANNUAL BarometTRIcC PRESSURE AT SANDY 
Pornt, THE FaLKLAND ISLANDS, AND IN THE CAPE Horn Rg&GIONS. 


The maps of mean monthly pressure given in this paper may be said to approxi- 
mately represent the conditions prevailing during the five years 1903-1907. For this 
reason the trend of the isobars over the ocean in the Cape Horn region as well as their 
relative height will be found in some months to differ from those given in treatises 
dealing with the results of maritime observations obtained from ships’ logs extending 
over long terms of years. With a view of giving good normals for land stations in this 
region, | have made every effort to obtain values for Sandy Point, the Falkland Islands, 
and for the Cape Horn area. For Cape Pembroke (Falkland Islands) the values of mean 
monthly and annual pressure which follow are based on 164 years’ observations. For 
the vicinity of Cape Horn, means deduced from observations taken at Staten Island, 
Ushuaia, Harbertown, and New Year’s Island are given. The periods embraced by the 
records comprise 19 years for the months of February, March, and May, 20 years for 
January, April, June, August, and December, 21 years for July and September, and 22 
years for October and November. The monthly averages were obtained by taking the 
mean of all or any of the above stations, observing simultaneously. Thus for the year 
1905 the monthly means are the average of the mean pressures recorded at New Year’s 
Island, Ushuaia, and Harbertown. By this method a much closer approximation to the 
true pressure was obtained than if the monthly means had depended on only one 
station. The mean position of the stations is 54% degrees south latitude, and 65 degrees 
west longitude. Their range in latitude does not exceed a few miles, but in longitude 
the stations differ some 45 degrees or 160 miles. This variation in longitude is, how- 
ever, unimportant, as the isobars in this locality normally approximate to parallels of 
latitude. For Sandy Point the monthly means are based on 18 years’ observations, so 
that the values for all three districts are very nearly of the same length, although they 
are not quite synchronous, being for different terms of years. In spite of this deficiency, 
however, owing to the paucity of land observations in this part of the globe, they 
afford the closest approximation that it is at present possible to obtain for the distribu- 
tion of pressure at the south of the continent of South America, and over the ocean to 
the east up to the longitudes of the Falklands in about 52°S%. latitude. The follow- 
ing table shows the mean monthly and annual pressure at the three stations. 


Mran MonrHty BAROMETRIC PRESSURE AT 32° SEA-LEVEL AND STANDARD GRAVITY. 


Period.| Years specified. Jan. | Feb. | Mar. | Apr. | May. | June.| July. | Aug. | Sept. | Oct. | Nov. | Dec. | Year. 


| Station. 


Sandy Point . |18 years|{ 1871572, 1889- \ | 59.485 | 20-473 | 29°525 | 29°552 | 29596 | 29°651 | 29-571 | 29-644 | 29°650 | 29:599 | 29-520 | 29-446 | 29-559 
’ 


1876-79, 1881-83 
Cape Horn } hi9-22,,, 1886-96, 1899, +| -437| -445| -432| -502| -495| 551) -527| -570| -625| 538] -434| -438| -499 
Breton: - 1902-07 


C. Pembroke or 
16},, 
(Falklands) . 


1859-68, 1875-77, 481 
1882-83, 1903-05 


“531 Ath *539 “538 549 "644 623 "BBO 492 “B51 
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As regards the Cape Horn region and Sandy Point, the above means differ but little 
from those given in Table IJ. At the Falkland Islands, however, the differences are 
considerable, amounting on the mean of the year to an excess of 0°067 inch during the 
short period, while in July, August, November, and December the excess amounts to 
more than a tenth of an inch. At all three stations it will be observed the highest 
mean monthly pressure occurs in September. The month of minimum pressure, on the 
other hand, is December at Sandy Point, January and March for the Cape Horn area, 
and March at the Falklands. The range in the mean monthly pressures is 0°204 inch at 
Sandy Point, 0°194 inch in the vicinity of Cape Horn, and 0°170 inch at the Falkland 
Islands, being greatest in the region most removed from the direct influence of the 
ocean, and least at the strictly insular station on the Falklands. It is of interest to 
give for the Cape Horn area the difference of mean monthly pressure for the five years 
1903-1907, as compared with the above long average, the plus sign indicating that 
pressure during these five years was in excess, and the minus sign that it was in 


defect, of the long average. 


Jan. Feb. March. April. May. June. July. Aug. Sept. Oct. Nov. Dec. _— Year. 
in. in. in, in. in. in. in. in. in, in. in, in. in. 
+058 +066 --080 +7040 4-032 --098 +084 -012 -‘114 +4:007 -015 +014 --001 

Thus during the past five years pressure in the Cape Horn region has on the mean 
of the year been virtually the average, but with considerable variations in the months, 
ranging from an excess of +°084 inch in July to a defect of —0°114 inch in September. 

The following table showing the highest and lowest mean monthly pressures in the 
vicinity of Cape Horn may be of interest, owing to the comparatively (for the region) 
long period covered by the combined records. 


Care Horn Recion Latirupe 54° 30’ S., Lonertrupr 65° W. Hicuest anp Lowrst Maan 
Montuiy Pressure at 32° Sea-LEVEL AND STANDARD GRAVITY. 


Highest. Lowest. Range. 

Inches. Inches. Inches. 

January : j 29-752 1878 29°236 1890 0'516 

February. ‘ 610 1896 ‘170 1891 0:440 

March . ‘ ; 840 1878 "185 1895 0°655 

April . : : ‘811 1878 310 1892 0°501 

May . : : JB 1904 "284 1907 0°453 

June . ‘ ; 816 1888 "285 1905 0°531 

| July . ; é T20 1887 287 1889 0-436 
| August ; , 897 1907 342 1905 0°555 
| September . : 890 1886 353 1889 0°537 
October : : 876 1876 256 1892 0620 

| November . ; ‘759 1876 Bl 1896 0°637 
December . : (Ae. 1904 ‘210 1889 0°512 

"Year . é ; 29°646 1878 29°412 1889 0:234 


* The years with complete observations are 1876, 1878, 1888-1893, 1896, 1903-1907. 
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Hence the highest mean monthly pressure was 29°897 inches in August 1907 and 
the lowest 29°122 inches in November 1896, showing a range of 0°775 inches. Looking 
at the last column, it will be seen that the greatest monthly range or difference between 
the highest and lowest mean monthly pressures is 0°655 inches in March, and the least 
0°436 inches in July. 
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NOTE. 


The maps on Plates lL. to [V. show average barometric pressures, temperatures, and amounts of cloud 
for the region dealt with in this paper. They are based on the values given in the foregoing tables, adjusted 
in some cases so as to indicate what is believed to be more nearly the true average (see page 104). The 
isobars, etc., on these maps were drawn by Mr E. K. Carmicuarn from those on sketch-maps supplied by 


the author. 


The general map, Plate V., is based on that accompanying a paper on the Bathymetrical Survey of the 
South Atlantic Ocean and Weddell Sea, by Dr W. S. Brucz, LL.D. (Scot. Geographical Mag., vol. xxi. 
p- 402, August 1905). The map has been revised by Dr Brucs for this paper. 
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Fie, 1.—Isobars for the Year. Fic. 2.—Isotherms for the Year. Fre. 3.—Isonephs for the Year. 
Fic. 4.—Isobars and prevailing Winds for December 1904. 


Fic. 5.—Mean Surface-temperature of the Sea in Summer. 
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inches, with a maximum of 18°54 inches in June and a minimum of 2°85 inches in 
January. ‘To the north of this wet zone the rainfall diminishes rapidly, while to the 
south precipitation continues high. No reports are available for the 600 miles of coast 
separating Ancud from Evangelists Island at the Pacific entrance to the Straits of 
Magellan, where the annual rainfall is 111°44 inches, with a seasonal distribution the 
reverse of what obtains in the monsoonal region. 

At the island of Juan Fernandez, in lat. 33° 37’ S., long. 78° 50’ W., the distribution 
of the rainfall through the months of the year is in harmony with that prevailing on 
the Chilian littoral in the same latitude. The variation in the mean wind direction 
shows, however, little change; being south in the month of January, when this region 
is well within the influence of the South Pacific high-pressure area, while in the 
month of June, when the high-pressure belt is north of its summer position, the winds 
at Juan Fernandez are south-west. These wind variations are also characteristic of 
the ocean region to the east of this island. 

To the north of latitude 30° S. the monsoonal effect on the littoral becomes masked 
or disappears ; but even at Caldera, in 27°'S., the little rain that falls is precipitated 
in the rainy season of the more southern stations. At Iquique, situated in 20° S., 
where a shower of rain is of rare occurrence, the winters are much cloudier than the 
summers ; the seasonal amount of cloud on the mean of the three years 1901-03 being 
as follows :— 


IeuiguE. Croup Amount 0-10. Years 1901-03. 
Hours of Observation 8-2-9. 


Spring. Summer. Autumn. Winter. Year. 
6°4 3°9 4°7 72 hh) 


The indirect monsoonal effect would therefore appear to extend for some distance 
into the northern rainless region. 

There can be little doubt that the influence of the mountain chain of the Andes 
in modifying the general circulation of the air is considerable, causing the coastal 
winds to conform to the shores of the littoral, and to blow parallel with the main axis 
of the Andean Cordilleras. The whole question clearly calls for a complete discussion 
of all the available Chilian data, and the co-ordination and correlation of these data 
with the observations from the Argentine Republic, Bolivia, Peru, and Brazil, as well 
as the joining up of the land values with those given in various memoirs dealing with 
the meteorology of the adjacent ocean regions. Among the factors bearing on the 
causation of the monsoonal effect may be mentioned the seasonal migration of the 
South Pacific anticyclone, the varying intensity of the high-pressure area in the north- 
west of Argentina, and the fluctuations in the southern atmospheric cyclonic centres 
of action in the Weddell and Bellingshausen Seas. The temperature gradient between the 
land and the ocean at different seasons will also have important bearings on the solution 
of the whole question, and also variations in the temperature of the cold polar current 
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which flows along the west coast of South America, extending almost to Juan 
Fernandez. | 

The monsoonal effect varies greatly from year to year; some years being character- 
ised by weak monsoons, while in others the rain-bearing northerly air currents are 
greatly intensified. There appears to be a very definite interrelation between the 
position occupied by the Pacific and Atlantic ‘‘ highs” and the Antarctic and sub- 
Antarctic circulation which may help to throw light on the varying weather conditions 
prevailing over the South American continent. To take merely a single instance, that 
afforded by a comparison of the conditions from 20° to 65° S. for July of 1903 and 
of 1904, based on returns from a large number of stations in South America and at 
the Falklands, as well as the sub-Antarctic stations of the South Orkneys, Snow Hill, 
and Wandel Island. In July 1903 the South Pacific “ high,” as shown by the winds and 
pressure at Juan Fernandez, was well south of its normal position, and rainfall was 
relatively small at all the Chilian coastal stations within the monsoonal area. In this 
region southerly winds were in excess, and northerly winds, which bring the rain, in 
defect of the average. Accompanying this excess of winds from higher latitudes, low 
temperatures prevailed over Argentina and Chili, except in the extreme south of the 
continent. Barometric pressure was below the normal at the South Orkneys and at 
Snow Hill on the east side of Graham’s Land, the Weddell Sea “low” being not only 
deepened but lying farther west than usual. At Evangelists Island at the Pacific 
entrance to the Straits of Magellan the weather was mild and precipitation high, the 
same conditions extending to the Falklands and the South Orkneys, with westerly and 
north-westerly winds predominating. 

In July 1904, on the other hand, conditions were exactly the reverse of the month 
described. The South Pacific “ high” was considerably to the north of the island of Juan 
Fernandez, where barometric pressure was 0°38 inch lower than in the July previous, 
while on the coast of Chili in the monsoon zone the fall of pressure averaged 0°20 inch 
as compared with the July of 1903. A permanent low-pressure area lay off the coast 
of Chili in lat. 42° S., as shown by the Daily Weather Maps of the Argentine Meteoro- 
logical Office. To the north-west of this region of low pressure the prevailing winds, as 
at Juan Fernandez, were from the west-south-west, while at coastal stations to the north 
of it the winds blew from the north and north-west. All over this region deluges of rain 
fell (see Table V.), the zone of heavy rainfall extending well into the centre of Argentina 
between latitudes 38° and 45° S., and over to the Atlantic coast. With this excess of 
equatorial winds, mean temperature was above the average. South of 45° S. the winds 
were southerly, blowing in on the northern “low.” Temperature in the southern provinces 
of South America, at the Falklands, the South Orkneys, and Wandel Island was markedly 
below the normal, the winds in general circulating round the Weddell Sea “low,” which 
was far to the east of its position in the July previous. Barometric pressure fell from 
west to east south of 55° S., and was as high as 29°51 * inches at Wandel Island on the 

* At 32°, sea-level and standard gravity. 
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mean of the month, diminishing to 29°33 inches at the South Orkneys, and still lower to 
the eastward. The month in its main features bore a very close resemblance to that of 
December 1904, which | have treated with some detail in the paper on the Weddell Sea 
meteorology. 

It will be seen from the foregoing brief synopsis how the climatic conditions over 
South America vary according to the position of the southern ‘‘centres of action.” It 
is not sufticient, however, to confine our investigation to the Southern Hemisphere, 
because there is an intimate relation between both hemispheres. For example, the 
cyclonic “centres of action” situated in the Weddell Sea and in the Icelandic region 
stand at certain periods of the year in a definite relation to each other. In the month 
of May, in which that relation appears to be most pronounced, a positive departure 
from the normal barometric pressure at Stykkisholm (Iceland) is a direct index of a 
negative deviation from the normal in the pressure over a region to the south-east of 
and including Cape Horn. When there is a posdtive deviation over this latter area, 
then the departures in the Icelandic region are negative. This, be it understood, applies 
only to the month of May, and is based on twenty years’ data from Cape Horn and six 
years’ data from the South Orkneys; but the whole inquiry is in an early stage of 
development, and further interesting contrasts are to be expected from a discussion of 
bipolar conditions. 


TABLE I. 


PERCENTAGE FREQUENCY OF WIND At Point GaLmrRA, Lar, 40° 01’ S., Lone. 78° 44’ W. 
7 Years 1899-1905. Hours or OBSERVATION 8-2-9. 


Jan. Feb. Mar, | April. May. June. July. | Aug. Sept. Oct, Nov. Dec. Year, 
——_—. | 
N. 20 20 30 42 47 45 32 33 28 13 19 15 29 
N.E. 1 1 1 3 5 5 4 3 2 1 1 0 2 
E. 0 1 2 1 7 6 6 5 3 1 0 1 3 
S.E. ul 2 3 5 2 2 6 5 3 3 2 2 3 
Ss. 52 51 36 18 10 9 9 9 20 34 32 52 28 
S. W. 11 9 9 6 3 5 7 8 8 16 11 10 8 
W. 5 2 4 4 4 4 9 8 11 10 6 6 6 
N.W. 5 4 4 10 15 16 22 22 20 5 21 7 13 
Calm, 5 10 11 11 il 8 by 7 5 7 8 7 8 
| 
Tape II, 
PERCENTAGE FREQUENCY OF WinD aT Ancup, Lar. 41° 51’ S., Lone. 73° 50’ W. 6 Yrars 1900-05. 
Hours OF OBSERVATION 8-2-9, 

Jan. Feb. Mar, April. May. | June. July. Aug. Sept. Oct. Nov. Dec. Year. 

| -# 1) oe 16 re at 14 Loy as Le 8 SY Sete 11 12 
N.E. 1 8 2 7 12 14 13 9 5 4 3 4 6 
E. 2 1 4 4 8 8 5 3 3 2 2 2 4 
S.E. 3 4 5 5 15 ual 11 6 6 4 3 2 6 
Ss. 9 13 12 15 iy) 13 11 12 9 12 9 8 11 
8. W. Lalo i) 8 6 4 6 5 6 5 8 if 10 7 
W a 25 24 18 12 | 8 10 13 16 19 28 25 24 19 
N.W. | |. 22 18 17 17 546 15 14 24 24 20 27 19 20 
Calm. 19 18 18 19 14 9 18 11 11 iat 18 20 15 
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PERCENTAGE FREQUENCY OF WIND AT CHILIAN STATIONS FOR THE MONTHS OF JANUARY AND JUNE. 


5 YEArs 1901-05, 


Hours 8-2-9. 


Nore.—For Angeles, owing to the large number of calms at 8 a.m. and 9 p.m., the data refer to 2 p.m, only. For Santa 
Maria the means are for the 4 years 1900-03. 


i January. June. 
A Lat. ong. 
Station. 8. Ww. Tez 
N.| N.E.| E. | S.E. | S.|S.W. | W.|N.W.|Calm.| N.| N.E.| E. | S.E. | S. | S.W. | W. | N.W.| Calm. 
Caldera c 27 03: 70 53 | 6 3 1 2 |13) 59 5 5 6 | 16 6 9 8 | 17] 23 2 i 12 
Point Tortuga . | 29.56 | 71 21 | 11 3 2 4 2 26 24 6 22 9 8 22 7 i 14 14 6 19 
Point Angeles . | 33 01 | 71 38 | 2 1 2 0 |13] 52 2 2 26 | 17 6 5 1 5 | 15 2 2 47 
Juan Fernandez 33 37 | 78 50 | O 0 0 31 34 26 4 1 4 2 0 1 12 19 32 23 8 3 
Point Carranza 35 56 | 72 38 | 12 0 0 0 | 66 2 1 1 18 | 41 0 3 7 | 14 4 it | ale, 18 
Santa Maria . | 36 59 | 73 52 9 0 0 1 62 2 2 4 20 35 8 1 1 14 3 6 13 19 
Mocha Island . | 38 21 | 73 58 | 11 1 Wy 3" {ies |) aly) 2 5 7 | 38} 13 0 6 | 11 9 4| 14 5 
Point Galera 40 01 | 73 44 | 18 i 0 PS NB 9 3 5 5 | 44 6 7 3 9 6 5 16 4 | 
Ancud 5 ees 41 51 | 73 50} 8 I 2 3 CPI) at Wy Ces |) il PAN) |) ally) ab} 5 8 | 14 cy} atat 18 9 
Evangelists Island BDROAn ero KOGN aS) Ol Onl dy bine 13) |h260 4. GQ (ial a a Ge ate |) GB. te) Be 5 
TaBLe IV. 
MEAN MontTHLY RAINFALL, COAST OF CHILI. 
Station. Tat. Hone. Years.| Period. | Jan. | Feb. | Mar.| April. | May.| June.| July. | Aug. |Sept. | Oct. | Nov. | Dec. | Year. 
: ey Ins. | Ins. | Ins. | Ins. | Ins. | Ins. | Ins. | Ins. | Ins. | Ins, | Ins. | Ins. | Ins. 
Caldera 27 03 | 70 53 74 1899-1906 | 0°02) 0°00] 0°00 0°00 0°04] 0°05] 0-44} 019{ 0°03} 0°02) 0°02) O-u2 0°83 | 
Chanaral. . 29 00 | 71 36 6 1899-1904 | 0°00) 0:00} 0-00 0°06 0°34] 0°86} 1°23) 0°82] 0°02} 0°04} 0:00] 0-00 3°37 | 
Point Tortuga 29 56 | 71 21 8 1899-1906 | 0°00); 0°00} 0°15, 0-03 1°79| 2°28) 2:22] 1:38] 0°06] 0°01] 0:01) 0:01 794 5 
Point Angeles 33°01 | 71 38: § 1899-1906 0°00) 0°02} 0°68 0-19 5°72| 6:6)! 7°76] 4°68) 0°44! 0°37) 0°00! 0°35] 26-82 
Juan Fernandez 33 37 | 78 50 5 1902-1906 | 0°72) 0°86} 2°25 311 764] 7:01| 7:79) 3°34) 2°45] 1°39} 1°40] 0°38] 38°34 
Point Carranza 35 56| 7238] 4 { tee one | 0-03 0:13] 2:37| 212 | 571] 9-07| 9:93] 3-30] 1-68] 1-44) 0-47] 1-07] 37°32 
Santa Maria Island | 36 59 | 73 52 4h 1899-1908 | 0°21} 0°49! 1°56 | 2°25 6°55 | 10°68} 5°87! 3°50] 1°78] 0°98! 0°43] 0°50;| 34:80 
Point Lavapie . | 37 08 | 73 36 3 1904-1906 2°48} 343) 368 2°67 7°42| 7:52) 7:83] 2°83] 3°83 1:43] 0°48] 0°79] 43°85 
Isle Mocha (West) | 38 21 | 73 58 8 1899-1906 | O°77| 1:23] 3°43 4°87 9°07 | 10°93 | 10°08} 5°68] 3°61} 1:93) 1°33] 1713] 54:06 
Point Galera . 40 01 | 73 44 8 1899-1906 2°85| 4°36] 629 10°35 | 14°93 | 18-54/16°28| 12°17) 8°44] 4:41] 3°52] 3°10] 10524 
Port Ancud_ . . | 41 51 | 73 50 73 1899-1906 | 3°01} 4°01} 7°04, 9°73 | 11°36) 11°11| 9°76] 884) 8°63] 4°45] 4°09] 2°92] 84°95 
Evangelists Island | 52 24 | 75 06 8 1899-196 | 13°15] 8°81!12:03 1018 7°28] 7°72) 7°00) 7:27) 7°65) 10°14! 9°38] 10°83 | 111°44 
TABLE V, 
RAINFALL ON Coast oF CuiLi, Juty 1903 AND 1904. 
‘ . Juan Bre Isle Mocha. | Point Port Evangelists 
Caldera. | Chanaral. Tortuga. | Angeles Wennnnden Carranza. (West). | Galera. iene, evan 
aS 
Ins. Ins. Ins. Ins. Ins. Ins. Tus. | Thing, Ins. Ins. 
July 1903 0:00 0°73 1°74 2°57 1°62 1:02 | 4°66 | 8°66 8°70 12°81 
July 1904 0°62 0°62 5°27 yen 1217 LOE22) | 19289 | 25°18 14°64 3°98 
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VII.—A Carboniferous Fauna from Nowaja Semlja, collected by Dr W. 8. Bruce. 
By G. W. Lee, D.Sc., H.M. Geological Survey. With Notes on the Corals by 
R. G. Carruthers. Communicated by Dr Horne, ¥.R.8. (With 2 Plates.) 


(MS. received May 29, 1909. Read July 5, 1909. Issued separately September 24, 1909.) 


INTRODUCTION. 


The present paper is based on the study of a suite of fossils collected in 1898 by 
Dr W. 8. Brucs, during a cruise with Major ANDREW Coats in the Barents Sea, on 
board the yacht Blencathra. 

The fossils were found wm stu in a cliff at the extremity of Cape Cherney, a promon- 
tory situated on the west coast of Southern Nowaja Semlja, in lat. 70° 49’ and long. 
56° 37’. Contrary to what often obtains in the case of materials collected by explorers, 
they are all from the same bed, a fact which greatly increases the value of the collection, 
as there is thus no possibility of a mixing of forms from different horizons. 

The rock is a compact, brownish-grey limestone, emitting a pronounced fetid odour 
when struck with a hammer. Numerous thin sections and the residue left after attack 
by acid show that clastic minerals are small and poorly represented, and it is interesting 
to note that small patches of violet fluorite, of secondary origin, occasionally fill in 
eavities in the rock, or replace the aragonite of some of the shells. 

The limestone is essentially foraminiferal, with thin crinoidal layers, and Dr Brucr 
tells me that in the field its characteristic feature is the presence of a very large shell 
[Productus giganteus (Mart.)]; at one spot in that same bed he also observed a large 
branching body, which may possibly represent a drifted stigmarian root. 

Most of the fossils are in a perfect state of preservation, but many suffered during 
the process of developing from the matrix, owing to their small size. In nearly every 
ease the original shell-substance is preserved, calcite pseudomorphs occurring only in 
some of the Gasteropods; but even in this case the minutest details of ornamentation are 
reproduced. I wish here to emphasise the fact that all the fossils must be regarded as 
contemporaneous, there being no evidence of any having been “ remanié.” 

An unusual interest attaches to the fauna collected by Dr Brucs, as it proves the 
hitherto unrecorded presence of marine Lower Carboniferous rocks in Nowaja Semlja ; 
that is to say, we know now for the first time that the Lower Carboniferous sea did extend 
to such high latitudes in the western hemisphere; this discovery has therefore more 
than a merely local importance, as it entails considerable modifications in our theoretical 
conceptions of the Arctic Lower Carboniferous Continent. For the benefit of those who 
may not be conversant with Arctic geology, I will add that geologists who have a special 


knowledge of the Upper Paleozoic formations of these regions have pointed out in 
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various publications that the so-called ‘“‘ Mountain Limestone” of Spitsbergen, Beeren 
Kiland, Nowaja Semlja, ete., really belongs to the upper divisions of the system, and 
was identified as Mountain Limestone owing to the fact that the older paleontologists 
did not realise the importance of a closer comparison with the marine phases of the 
Upper Paleozoic formations. * 

As regards former records of Carboniferous rocks in Nowaja Semlja, very little need 
be said here. Professor TscHERNYSCHEW has ably summarised in his great work (loc. 
cit., pp. 679-681) all the data bearing on this question, the main facts being as follows:— 
According to him, the numerous species described by Professor TouLa from the Barents 
Island,f and generally believed to be Upper Carboniferous, belong to beds of Artinsk 
age; the other Carboniferous fossils recorded from various parts of the two main islands 
are too scanty to permit of determining their true horizons. However, a few fossils 
collected during the expedition of the Jermak in 1901 (Kreuz Bay and Maschigin 
Bay) indicate a horizon which is not more recent than the Middle Carboniferous 
of the Urals. 

These circumstances explain the absence of any reference by me in the descriptions 
below to species previously recorded from Nowaja Semlja, careful comparison having 
shown that this fauna is more closely related to that of the typical Lower Carboniferous 
districts of Russia and Western Europe. On the other hand, a region of which so little 
is known might have been the seat of the persistence of older types, or of the early 
appearance of forms known elsewhere from higher horizons only, so that in the determina- 
tions | have avoided confining myself to literature dealing exclusively with Lower 
Carboniferous paleontology. 

Before passing to the descriptive part of this paper, I wish to thank Dr Bruce for 
having kindly allowed me to study his valuable collection ; and I owe a debt of gratitude 
to Professor TH. T'scHERNYSCHEW, who generously furnished me with valuable information 
touching the geology of Arctic Russia. For help of a varied nature I must express my 
indebtedness to many of my colleagues, specially to Mr R. Lunn, who sacrificed much of 
his time in the preparation of the accompanying plates. 

Figs. 42, 43, 44, 46, 47, 48, and 50a are from drawings by Mr H. 8. M‘Vry, and 
figs. 12a, 13d, 15a, 17a, 22-22d, 24b, 84a, 35, 36, 37a, and 49 are from drawings 
by myself. 


DESCRIPTIVE Part. 


As the main object of the following descriptions is to bring out the faunistic and 
stratigraphical relations of the species, I have not dwelt at length on morphological 
features unless these have appeared to me to be new or of importance in systematics. 


* Freon, Lethea Geognostica (passim); J. G. ANDERSSON, Uber die Stratigraphie wnd Tektonik der Biren Insel, 
1899, p. 16; TH. TscHerNyscuew, “ Die obercarbonischen Brachiopoden des Ural und des Timan,” Mém. Com. Géol. 
Russie, 1902, p. 694. 

+ Sitaungsb. k. Akad. Wiss, Wien, Bd. 1xxi., 1. Abth., 1875. 
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For the same reason I have refrained from giving synonymice lists, the references I give 
being sufficient to show the interpretation adopted in any ambiguous cases, and where 
no reference is given it is implied that the original specific designation is accepted. 


Class RHIZOPODA. 


Order FORAMINIFERA. 


These organisms are very abundant and well preserved; many of them I succeeded 
in freeing from the matrix, in order to base the determinations on both external and 
internal characters. 

The Carboniferous Foraminifera of Russia have been so accurately described in the 
exhaustive monograph of V. von MOLLER that the task of identifymg the Nowaja 
Semlja forms was a specially easy one; consequently I have nothing of importance to 
add to what has been stated by the Russian paleeontologist.* 


Genus Enporuyra Phillips. 


Endothyra globula (dV Hichwald). 
Moéuter, Joc. cit., 1878, p. 98, pl. xiii. figs. 1-4. 


This species is represented by a number of specimens in various stages of growth ; 
one of the largest measures approximately 15 mm. in diameter and 0°8 mm. in 
thickness. 


Genus Spirityina Ehrenberg. 
Spirilina? sp. indet. 


Two of the slides contain horizontal sections of a non-septate tube coiled on itself in 
one plane; as the specimens consist of seven whorls—although they measure only 
0°5 mm. in diameter—comparison with the species referred to Spirillina by MOLLER is 
difficult. 

Likewise I am unable to express an opinion as to their true affinities. In his review 
of the genus, H. B. Brapy ¢ states that Sprrilline are not known to occur in formations 
older than those of the Miocene period, while making no reference to MOLLER’s recogni- 
tion of that genus in Carboniferous strata. 


Genus CrisrostomumM Moller. 


I have not sufficient knowledge of Foraminifera to form an independent opinion re- 
garding the respective claims of p’'Orpicny’s Bigenerina and of MOLLER’s Cribrostomum. 
* V. von Mouusr, “Die spiral-gewundenen Foraminiferen des russischen Kohlenkalks,” Mém. Acad. Imp. 


Sciences de St Pétersbourg, 1878 ; and “‘ Die Foraminiferen des russischen Kohlenkalks,” ibid., 1879. 
+ Challenger Reports, vol. ix., 1884, p. 629. 
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H. B. Brapy* infers that the Carboniferous species placed under Cribrostomum by 
Mouter belong to Textularia and Bigenerina, and the latter name is adopted by 
Dr H. Yaset for Cribrostomum bradyi Moller. 


“ Oribrostomum” gracile Moller. 
Moxter, loc. cit., 1879, pp. 59, 60, fig. 23, pl. ili. fig. 4. 


The examples at hand appear quite typical, but I have not observed any showing 
the uniserial mode of growth, and none attain the maximum size of the Russian 
specimens. 


Genus Terraraxis Ehrenberg. 
Tetrataais gibba Moller. 
Moéuter, loc. cit., 1879, p. 73, pl. ii. fig. 4, pl. vii. fig. 3. 
As regards shape and size the few examples observed agree in every respect with the 


original definition of the species. 


Genus ArcHa&DIScUS Brady. 


Archediscus karreri Brady. 
Bravy, Monograph of Carboniferous and Permian Foraminifera, Pal. Soc., 1876, p. 142, pl. xi. figs. 1-6. 


This species is very abundant, and the specimens average 1 mm. in diameter, being 
thus appreciably larger than the Russian examples known to MOLLER. 


Genus FusutinELuaA Moller. 


Fusulinella struver Moller. 
Motter, loc. cit., 1879, p. 22, pl. ii. fig. 1, pl. v. fig. 4. 


Fusulinella struvei is represented by numerous specimens in various stages of 
growth, agreeing remarkably well with the Russian form as delineated by MOLLER. 


Genus Lacena Walker. 
Lagena? sp. indet. 


Small flask-shaped bodies may possibly be referable to some species of Lagena, but 
as they were observed in thin sections only, they had better be left unclassified, even 
generically. 


* Loc. cit., p. 364. 
+ Journal of the College of Science, Imperial University of Tokyo, vol. xxi., article 5, 1906. 
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Order RADIOLARIA. 


Pounded portions of the limestone, after treatment with acid, indicated the presence 
of a few siliceous organisms, among which were observed unrecognisable fragments 
showing a regular lattice-work, and a whole radiolarian. The latter was filled with 
some carbonaceous or ferrugineous substance, but the lattice-work could still be 
detected, though not very distinctly. In thin sections the small bodies referred here 
to Radiolaria are more easily seen, and the following genera appear to be represented :— 


Genus CenospH@RA Ehrenberg. 


” 


Cenosphera “sp.” a. 


Simple spheres, the lattice-work of which is too indistinct for description, probably 
belong here. They vary in diameter from 0°! mm. to 0°3 mm., but it is not, 
possible to say how many “ species” are present. 


Cenosphera? sp. b. 


I am in doubt concerning the generic affinities of a few small bodies, 0°1 mm. in 
diameter, consisting of an apparently simple sphere, the surface of which is covered 
with numerous short bristles. 


Genus CarposPpH#RA Haeckel. 


The genus is perhaps represented by small bodies measuring up to 0°2 mm. in 
diameter, and apparently made up of two concentric spheres. ‘The distance between the 
two spheres is greater than the diameter of the smaller one; there are still a few indica- 
tions of lattice-structure, but the connecting rays are not preserved. 


Genus CENELLIPSIS Haeckel. 


In the form which I doubtfuily refer to this genus, the test is simple and oval, and 
its long diameter measures 0°15 mm. 


Class SPONGL/L. 


The few spicules observed are slightly arcuate, with obtusely rounded extremities, 
and bear a general resemblance to those of Reneria clavata Hinde, as described by 
Dr G. J. Hrypr.* The largest one is approximately 0°6 long and 0°06 mm. thick. 


* A Monograph of the British Fossil Sponges, Pal. Soc., 1887, p. 143, pl. ix. fig. 5. 
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Class ANTHOZOA. 


Novres ON THE CARBONIFEROUS CoRALS COLLECTED IN Nowasa SEMLJA 
By Dr W. S. Bruce. By R. G. CarruruErs. 


Dr Ler has kindly allowed me to examine the corals included in the collection 
of paleozoic fossils collected in Nowaja Semlja by Dr W. 8S. Bruce. For the 
opportunity thus afforded of studying an assemblage of unusual interest, I am 
sincerely grateful. 

These corals are all embedded in limestone, together with the rich fauna described 
by Dr Leg. The specimens are fragmentary, but are otherwise in a fine state of 
preservation. 

Notwithstanding the paucity of the material, five distinct genera and seven species 
can be recognised. ‘These are :— 


Aulophyllum aff. moseleyranum (Thom.). 
Campophyllum carinatum sp. nov. 
Campophyllum kungurense (Stuck. ). 
Carcinophyllum sp. 

Lophophyllum cherneyense sp. nov. 
Lophophyllum sp. 

Hexaphyllia m‘coyt (Duncan). 


All of the above genera occur in Carboniferous strata, and, with the exception of 
Campophyllum, attain their maximum development in strata of Upper Visean age, or 
in the immediately succeeding beds (Yoredale Rocks of England, Lower Limestone 
series of Scotland, or lower Mosquensis zone of Russia). The genera Aulophyllum, 
Carceinophyllum, and Hexaphylha are particularly distinctive, and it is also from beds 
belonging to this general horizon that the species nearest to the Nowaja Semlja forms 
have been described. 

The whole assemblage is clearly indicative of some horizon between the base of the 
Upper Carboniferous and top of the Lower Carboniferous of the Russian classification. 
This conclusion is in harmony with that arrived at by Dr Lex from his examination of 
the other groups of fossils. . 

Contrary to expectation, only one species can be definitely identified with a Russian 
form, but it is quite possible that a more complete collection might show a closer 
affinity to the Russian fauna than the present one does. 

Attention may be drawn to the revised definition of the genus Lophophyllum 
that is here furnished, while the discovery of a Carboniferous coral, Campophyllum 


carimatum, with well-developed carinze on the septa is certainly a point of 
interest. 
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Genus AuLopHYLLUM M. Ed. and H. 


The characters relied upon by Duncan and THomson in separating their genus 
Cyclophyllum from the older genus Aulophyllum certainly do not seem of generic value, 
and, in the writer’s opinion, Cyclophyllum should be discarded. 


Aulophyllum aff. moseleyranum Thom. 


The single specimen found of this genus was unfortunately broken off through the 
floor of the calyx, and as the lower part of the coral is missing, specific determination is 
impossible. The broken fragment, however, is identical in every way with the 
transverse section of A. moseleyianum figured by THomson,* except that the vesicles 
of the central area seem somewhat larger than in THomson’s species. 


Genus CampopHyittum M. Ed. and H. 


MM. Mine Epwarps and Haims selected as the type of their genus Campophyllum 
a coral identified by them with the Cyathophyllum flecuoswm of Goipruss; but according 
to Scuiurert this identification is erroneous, and their figured specimens (Polypes 
Fossiles, pl. viii. figs. 4 and 4a) belong to a new species. Such a conclusion, however, 
does not affect the validity of the genus. 

A recent examination of the genotype, for which I am indebted to the courtesy of 
the authorities at the Musée d'Histoire Naturelle, at Paris, and to M. Gravier in 
particular, shows that the original figures are of a very faithful nature. There is little 
to add to the description given in the Polypes Fossiles. It may be mentioned, how- 
ever. that a thin section cut from one of the figured specimens (fig. 4a) showed that at 
an early stage of growth the septa are amplexoid and dissepiments are developed ; the 
septa are without carine, and the cardinal fossula is barely discernible. 

The genus is intermediate in character between Cyathophyllum and Caninia, to 
both of which it is closely allied. In their mature growth-stages, indeed, it is impossible 
to distinguish Canina from Campophyllum; it has been held that the depth of the 
cardinal] fossula is greater in the former genus, but this factor is so variable that little 
reliance can be placed on it. The greatest difference between these two genera is shown 
in the young growth-stages. At this period, in Caninia, the septa reach to the centre 
of the corallum, and dissepiments have not yet appeared; whereas in a Campophyllum, 
from a very early stage onwards, the septa are short and amplexoid, and dissepiments 
apparent. In Cyathophyllum dissepiments also appear at an early stage, but the septa 
reach to the centre of the corallum throughout. 

These distinctions are not, perhaps, of a very striking character, and it may 


* James Tuomson, “A New Family of Rugose Corals,” Proc. Phil. Soc. Glasg., 1882, p. 33, pl. iii. fig. 12. 
+ “Anthoz, d. Rhein. Mittel Devon,” Abhand. Geol. Specialkarte v. Preussen, Bd. viii., Heft 4, p. 42 (1889). 
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be questioned whether Canina and Campophyllum are in reality generically 
separable. 
The retention of the latter genus, however, seems advisable on the whole, if only for 


convenience in working purposes. 


Campophyllum carinatum sp. nov. (Pl. I. figs. 3-6.) 


Two complete specimens and six fragments referable to this species were found in 
the collection. 


EXTERNAL CHARACTERS. 


Corallum elongated, more or less cylindrical, and often slightly twisted. Largest 
diameter known, 2 cm.; but most of the specimens are much smaller. Hpitheca, thin, 
smooth, with abundant faint lines and constrictions of growth. In the young and 
conical part of the corallum, faint longitudinal ribbing, with the pinnate arrangement 
characteristic of Rugose corals, can sometimes be seen, Calyx unknown except in 
vertical section. (PI. I. fig. 3.) 


INTERNAL CHARACTERS. 


(a) Transverse Sections.—Major septa of uniform thinness throughout, closely 
set, and never reaching to the centre of the section. The base tabular area in the 
centre of the corallum is of very variable width (compare figs. 3a and 4, Pl. L.), 
owing to the amplexoid nature of the septa. The mnor septa are long, and 
project a short distance past the dissepiments into the tabular zone. Both major 
and minor septa possess well-marked carinz#, appearing in transverse sections as 
minute irregular teeth-like projections along the septa. No distinct fossula has been 
observed. 

(b) Vertical Sections.—The tabule are numerous, horizontal in the centre of the 
corallum, but curving abruptly downwards before reaching the dissepiments, which are 
small, globose, and developed at an early stage. The breadth of the tabulate zone is 
uniform in the more mature part of the corallum, but that of the dissepimeatal zone is 
very variable (see figs. 3 and 5, Pl. L.). 

When the vertical section is cut down the centre of the corallum and passes down 
the surface of a septum, the true nature of the carinz can be readily observed ; they 
form closely set spiny ridges running upwards and inwards over the surface of the septa, 
in a somewhat irregular manner (see figs. 3 and 5, Pl. I.). Under a high magnifica- 
tion, in the centre of certain of these ridges there is a line of minute black points from 
which radiating fibres proceed. These black points are probably centres of calcification, 
and indicate that the carinal ridges are composite, being formed by the fusion of closely 
set spines, lineally arranged. 

Remarks.—There are many points of resemblance between this interesting species 
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and THomson’s Campophyllum echinatum,* but in the latter there are no carine on 
the septa, and the tabule are much flatter. The same distinctions also separate MILNE 
Epwarps and Haime’s genotype from the new species. A deceptive resemblance to the 
inner wall of the Devonian genus Craspedophyllum is often seen in transverse sections, 
owing to the intersection of a tabula against which the septa terminate, or in vertical 
sections from the intersection of two septal edges within the tabulate area. The great 
interest of this new species lies in the carinee that cover the septal surfaces. Such a 
phenomenon is, of course, common in Devonian corals, but is of extreme rarity in 
Carboniferous species. A low stratigraphical position for the species does not necessarily 
follow. Cyathaxona rushiana Vaughan, which seems to be the only Carboniferous 
coral yet found to have caring, comes from horizons very high in, or above, the Visean. 
[An examination of C. rushiana shows that the projections on the septa seen in trans- 
verse sections, to which Dr VaucuHan has drawn attention (Quart. Jour. Geol. Soc., 
1908, p. 460), are in reality carine. | 


Campophyllum kungurense (Stuckenberg). 


Amplexus kungurensis, A. StuckENBERG, ‘‘ Korallen u. Bryoz. d. Ural u. d. Timan,” Mém. Com. 
Géol. Russie, vol. x. No. 3 (1895), p. 189 of German text, pl. iii. figs. 10-10c. 


Only one example of this species has been found in the collection, but fortunately 
the specimen is complete and well preserved. 

All the characters are in perfect agreement with SruckENBERG’s figures and descrip- 
tions, and there is little to add to his diagnosis. The septa become amplexoid at a very 
early growth-stage, and a vertical section down the calyx confirmed STtucKENBERG’S 
observation that in the nature part of the corallum a single row of rather large dissepi- 
ments appears between the tabulee and the wall. Such a feature is not found in a true 
Amplexus (e.g. A. coralloides), and the coral may more fitly be placed in the genus 
Campophyllum. 

Campophyllum kungurense is practically identical with the common spineless form 
of the Tournaisian coral Campophyllum spinosum (Ampleaus spinosus de Kon.). An 
examination of several specimens of the latter species, procured from Tournai, showed 
that the septa and dissepiments were somewhat thinner than in C. kungurense, but no 
other difference was discernible. It is probable that such a distinction is not of specific 
value, but, pending further investigation, SrUCKENBERG’s name has been retained. His 
specimens were obtained from the east side of the Urals, presumably from strata of 
Permo-Carboniferous age; it seems probable, therefore, that we are dealing with a 
remarkably stable type, ranging throughout Carboniferous time with but little structural 
alteration. 


* James THomson, “A New Family of Rugose Corals,” Proc. Phil. Soc. Glasgow, 1882, pl. iv. figs. 10, 10a. In 
his large paper, published by the Society in the succeeding year, the same figures are referred to Campophyllum 
paracida M‘Coy. 

TRANS. ROY. SOC. EDIN., VOL. XLVII. PART I. (NO. 7). 23 
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Genus CARCINOPHYLLUM Thomson. 
Carcinophyllum sp. (Pl. I. figs. 8-8.) 


Besides the figured specimen, another example, complete but of small size, was 
obtained. 

The corallum is conical and very slightly curved. The calyx is deep and the 
epitheca smooth, with shght accretions of growth. In the mature growth-stages, when 
it is separated from the septa, the epitheca is seen to be of medium thickness, but at 
the proximal end of the corallum appears to be of great thickness, owing to the complete 
fusion of the septal bases. 

A comparison of figs. 8 and 8b shows that, with increasing age, the complexity of 
the lamellz in the central area increases, an Aulophyllwm-like character being assumed. 
Such a fact, observable also in other species of the genus, suggests that the Aulophylla 
may have been evolved directly from the Carcinophylla. It is interesting, therefore, 
to note that Dr Vauauan finds the maximum of the genus Carcinophyllum to be at 
the base of his D, sub-zone, while the Aulophylla appear much later, at the top of the 
D, sub-zone. 

Such a genetic connection as is here suggested does not, of course, preclude the 
possibility of representatives of these two genera existing side by side. They un- 
doubtedly do so in this Nowaja Semljan fauna, and also in the Scottish Carboniferous 
Limestones; Dr Sipty has also found such an association in the D, sub-zone of the 


English Midlands. 


Genus LopHopHytium M. Edw. and H. 


1845, Cyathaxonia (pars), Michelin. 

1850. Lophophyllum, M. Ed. and H. 

1876. Koninckophyllum, Nich. and Thom. 

1883. Acrophyllum, Thom. (non Nich.) ; non Lophophyllum, Nich, and Thom. 


The opportunity is here taken to give a revised diagnosis of the genus Lophophyllum, 
two species of which occur in Dr Brucr’s collection. 

MICHELIN, in 1846, when describing the corals of Tournai, referred to his genus 
Cyathaxona a new species which he named C. tortwosa. Later, in 1850, Mine 
Epwarps and Harmer established the genus Lophophyllum, selecting as the type 
L. konincki, which also came from Tournai. _ 

An examination of a large number of topotypes of these two “species” shows that 
(1) Lophophyllum konincki is simply a young form of “ Cyathaxonia” tortuosa, which 
(2) cannot be referred to the genus Cyathaxonia, as in the mature growth-stages a 
well-marked zone of dissepiments appears between the tabulee and the wall, and such a 
feature is quite absent in Cyathaxonia proper (e.g. C. cornu Mich., or C. rushiana 
Vaughan). 


The genotype of Lophophyllum therefore is L, tortuoswm (Mich.), and the revised 


A CARBONIFEROUS FAUNA FROM NOWAJA SEMLJA. 153 


diagnosis of the genus, founded on an examination of this and allied species, is appended 
below :— 

Corallum simple and turbinate. Major septa meeting in the centre of the 
coral in the early growth-stages. One of the septa, usually the counter septum, is 
strongly thickened at the inner end, giving rise to a prominent columella, which may be 
discontinuous. In the more mature growth-stages, the columella persists, but the septa 
usually retreat from the centre and become amplexoid, while dissepiments appear 
between the tabule and the wall. The tabula are arched upwards in the centre to 
a varying degree, but, unlike such genera as Dibunophyllum, there is no central zone 
where the tabule are more numerous or vesicular, nor is there a system of vertical 
lamellze distinct from the septa. 

All the simple forms of the genus Koninckophyilum of NicHotson and THomson, 
and also those corals referred by THomson to Acrophyllum,* thus fall into Lophophyllum 
as above defined. It is suggested that the compound forms of Koninckophyllum should 
also be included, as they only differ from a true Lophophyllum in their pronounced 
lateral budding. From Lithostrotions of the L. martini type the genus is distinguished 
by being almost always simple and not forming tubular colonies. 

Those corals referred by NicHo.son and THomson and other authors to Lophophyllum 
(e.g. L. proliferum and L. eruca) do not develop dissepiments at any stage of growth, 
and are essentially Zaphrentes having one of the septa thickened at the inner end. It 
may be convenient at some future time to group them as a sub-genus of Zaphrentis, 
but for the present such a course is not considered advisable. 


Lophophyllum cherneyense sp. nov.- (PI. I. figs. 1-2d.) 


EXTERNAL CHARACTERS. 


Corallum cylindrical and twisted for the greater part of its length ; conical and 
curved only at the proximal end. Hpitheca thin, smooth, with numerous constrictions 
of growth, but no longitudinal ribbing. Calyx unknown. 

The largest specimen measures 2°5 cm. by 4 cm., but is incomplete; eight other 
fragments were also found. The full length may have been 8 cm. or more. 


INTERNAL CHARACTERS. 


Transverse Sections.—Major septa thin, straight, and tapering towards the inner 
end; no stereoplasmic thickening. In proximal sections (Pl. I. figs. 2c, 2d) they all 
reach the central columella formed by a thickening of the inner ends of the cardinal and 
counter septa. In later growth-stages, most of the septa fall away slightly from the 
columella, although a few are still prolonged over the central area in an irregular 


manner. 

* THOMSON was mistaken in his conception of this genus, which was distinctly stated by NicHoLson to have no 
columella. Good figures of the genotype, A. oneidense (Billings) are given by LamBE in Contrib. to Canadian Pal., 
vol. iv. part 1, pl. xvi. figs. 1 and 2 (1899). 
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Minor septa fairly well developed, but irregular and not reaching to the tabular area. 
The cardinal fossula is indistinct, and can only be recognised in some sections by a 
shortening of the cardinal septum, towards which the axial columella is directed. 

Vertical Sections.—The median vertical section figured (Pl. I. fig. 2) sufficiently 
indicates the nature of the tabule and dissepiments. The latter are developed at an 
early growth-stage. 

Remarks.—Certain sections (e.g. Pl. I. fig. 2a) of this species closely resemble 
that figured by THomson* as Acrophyllum sp., but in the latter the major septa are 
affected by a thickening of stereoplasma within the tabular area. 

In distal transverse sections (Pl. I. fig. 1) the central area of Lophophyllum cher- 
neyense approaches in structural character that of a Dibunophyllum, As regards the 
septa and columella, the Lophophyllum stage is strongly marked in the younger stages 
of the new species (PI. I. figs. 2a, 2d), while the tabulee throughout approximate to a 
Lophophyllum type, as opposed to Dibunophyllum, where the tabule have a distinct 
central area in which they are more numerous and vesicular. 

Probably all the Dibunophylla pass through a Lophophyllum stage, but assume 
their characteristic features at so early a period that as a rule they are readily separable 
from the later genus. 


Lophophyllum sp. (Pl. I. figs. 7, 7a.) 


Of this species, apparently new, there is only a single example in the collection, and 
the conical end is missing. The corallum is continuously conical and slightly curved. 
The calyx is deep (4 cm.), the diameter of the rim being 4°5 em. The epitheca is thin, 
smooth, with a few lines and constrictions of growth. The columella is a prominent 
feature but from the vertical section (PI. I. fig. 7a) is apparently discontinuous. 
As the specimen is embedded in limestone, it is not possible to say whether this is in 
reality the case, or is only due to a slight twist in the corallum taking the columella out 
of the plane of section at this point. 

The cardinal fossula is clearly visible in cross section (PI. I. fig. 7), owing to the 
sharply marked boundary of the tabular area encroaching on the dissepimental zone at 
this point. 


IncERTaZ SEDIS. 


Genus Hrxapuy.uia Stuckenberg. 
Heterophyllia, M‘Coy (pars). 
The genus Hexaphyllia was established by SruckenBerGt for those species of 
Heterophylha with six septa only. Although the multi-septate forms of M‘Coy’s genus 
(e.g. Heterophyllia grandis) probably pass through a hexameral stage early in life, still 


* “Corals Carb. Syst. Scotland,” pl. xi. figs. 14 and 14a, Proc. Phil. Soc. Glasgow, 1883. 
+ “Anthoz. u. Bryoz. d. unter. Kohlenkalks v. Central Russlands,” Mém. Com. Géol. Russie, nouv. sér., livr. xiv. 
(1904), p. 72 of German text. 
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on the whole the separation of the hexameral species seems advisable. Many of the 
latter are of considerable size, and certainly cannot be regarded as early stages of the 
multi-septate forms. 

These peculiar genera are difficult to classify. They differ from ordinary Paleozoic 
corals in at least two important respects. In the first case, certain species apparently 
have no epitheca, for the dark median line of the septa passes completely through the wall 
to the exterior, instead of being interrupted by an epitheca. In the second case, in 
certain species a protoseptal stage with four septa at right angles to one another seems 
to be indicated, and such an arrangement is at variance with our knowledge of other 
Anthozoa. The remarkable external ornamentation of such species as Hexaphyllia 
mirabilis, and the general habit of growth, are also peculiar. 

Further investigation of these curious genera is certainly needed before their 
systematic position can be secured. 


Hexaphylliia m‘coyi (Duncan). (PI. L fig. 9.) 


Heterophyllia m‘coyi, Duncan, Phil. Trans., clvii. p. 645, pl. xxxi. figs. 3a, 3c. 

Heterophyllia m‘coyi, Tuomson, ‘“ Corals Carb. Syst. Scotland,” Proc. Phil. Soc. Glasgow, 1883, p. 118, 

pl. x. figs. 20, 20a. 

There are several fragments of this species, varying from 2 to 6 mm. in diameter. 

The corallum has a smooth exterier and is six-sided, with parallel walls. There is a 
low ridge at each angle, to which one of the six septa extends. The dark median line 
of each septum passes through the wall (which is very thick) to the exterior, and in 
weathering out gives rise to a faint longitudinal groove down the middle of each of the 
external ridges (‘‘ costee” of Duncan). No complete specimens have yet been recorded ; 
the whole corallum may have been 20 cm. or more in length, tapering with extreme 
slowness. 

In transverse sections of mature examples the septa are rather thick, and have a 
regular hexameral disposition. In young specimens they are cruciform, one arm of the 
eross being forked at each end; while six septa are therefore still present, it appears 
possible that in still younger stages there may be only four, arranged at right angles 
to one another. 

The tabulz are very close together ; they are bent sharply downwards near the wall, 
and upwards in the centre, but are almost flat in the middle. The appearance of a 
vertical section varies according to its distance from the centre of the coral. If the 
section be cut close to the wall, the tabula appear very steeply inclined upwards, but 
when cut down the centre of the coral they are more flattened (see Pl. I. fig. 9). 

Remarks.—Neither Duncan nor THomson figures any vertical section of this species, 
the former simply remarking that “ the endotheca | = tabulze] is very abundant.” 

The type was not available for examination, but another specimen, in every way 
identical with that figured by Duncan, and procured from a similar horizon in Ayrshire, 
is in the collection of Mr James Netuson of Glasgow. Mr Nettson very kindly allowed 


156 DR G. W. LEE ON 


this specimen to be cut, so that the nature of the tabule could be ascertained, and a 
very necessary addition made to the diagnosis of the species. 

The fragments from Nowaja Semlja are in complete accordance with the Scottish 
specimens. 

Hexaphyllia m‘coyi resembles H. prismatica Stuckenberg,* but in the latter the 


tabulee are much farther apart. 


Class CRINOIDEA. 


Crinoid stems are very abundant, and some of them attain a large size; but as no 
portions of calyx were observed, any attempt at identification is out of the question. 
However, two forms at least appear to be represented. 


Class BRYOZOA. 


This class is very poorly represented ; the few examples at hand, belonging to the 
Suborders Trepostomata and Cryptostomata, are specifically indeterminable. Yet the 
presence of a Stenopora is worth noting, as the genus is not mentioned in SrucKEN- 
BERG’s recent monograph of the Lower Carboniferous Corals and Bryozoa of Russia.t 


Genus Srenopora Lonsdale. 


Stenopora sp. 


Although thin sections could not be made, on account of paucity of materials, the 
generic position of the fragments is proved by the nature of the mature end of the 
zozecia, the casts of which exhibit swellings corresponding to unthickened portions of 
the wall. : 


Fenestellid indet. (cf. Polypora papillata M‘Coy). 


A small fragment of a Fenestellid, the obverse face of which is not shown, bears a 
general resemblance to Polypora papillata M‘Coy. The arrangement of the fenestrules 
is the same, and, in common with it, it possesses a small papillated pore at the origin of 
most of the dissepiments, a character shared by Polypora spininodata Ulrich,t which 
is otherwise different. 


INCERTA SEDIS. 
I place tentatively among the Bryozoa an indeterminable fragment possibly belongs 
ing to the genus Cystodictya Ulrich. 
* Loc. supra cit., p. 72 of German text. 


t+ Mém. Com. Géol. Russie, 1904. 
| Geol. Survey of Illinois, vol. viii., 1890, pl. Ix. fig. 3. 
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Class BRACHIOPODA. 


Judging from the materials at hand, Brachiopods are highly characteristic of the 
Cape Cherney limestone, where they probably exhibit a rich and varied character, to 
which full justice cannot be done here, on account of the fact that many of the most 
interesting forms observed came to grief when being developed, or were so sparsely 
represented as to preclude the possibility of making satisfactory serial sections. 

Modern workers on fossil Brachiopods have shown that within certain groups there 
ean occur remarkable phenomena of homceomorphy and convergence which often make 
it impossible to estimate the true genetic affinities of many species, unless a knowledge 
of their internal characters be obtained. Such instances of forms differing in the nature 
of their internal characters, although apparently nearly allied so far as their general 
appearance indicated, were met with in a few cases, especially among the Spiriferids, 
and will be referred to in due course. 

The mode of occurrence of the various species shows that peculiar conditions, not 
yet understood, affected the development of some forms more than others. For 
instance, it is difficult to explain how it is that Productus longispinus J. Sow., is 
represented by full-grown individuals only, as is also Productus giganteus (Mart.), 
whilst Productus elegans M‘Coy, is represented by a series of specimens ranging in 
length from a few millimetres to about 40 mm. The explanation may be that conditions 
which killed the immature individuals of the latter, left those of the former unaffected ; 
this explanation seems more satisfactory than that based on the assumption that the 
nature of the shell in the young stages of Productus longispinus and Productus 
giganteus was such as to render fossilisation impossible. 

The assemblage as a whole is quite normal, and there is no evidence of dwarfing or 
of a depauperised condition. 


TEREBRATULIDA. 
Genus DIELASMA King. 


Drelasma lenticulare de Koninck. (PI. I. figs. 10-10c.) 
De Koninox, Faune du Calcaire Carbonifére, 6™° partie, 1887, p. 17, pl. 2, figs. 1-9. 


Few of the numerous species of Dielasma established by pz Koninck have been 
unreservedly adopted in paleontological literature, but the well-defined characters of 
his Dielasma lenticulare justify its claims to specific distinctiveness. The Drelasma I 
refer to it is, like the Belgian form, lenticular and globose, with non-sinuate valves. 
Frontally, the junction line is perfectly straight. It is represented by a complete 
specimen, the dimensions of which are: length, 7 mm. ; breadth, 6 mm.; depth, 5 mm. 
A large pedicle-valve, measuring approximately 20 mm. in length, probably belongs to 
the same species. Comparison with Davinson’s figures will show that it cannot be 
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confounded with any of the forms usually referred to Dielasma hastatum (J. de C. Sow.), 
and it does not appear to have closely allied representatives in the upper divisions of 
the Carboniferous system in Kastern Europe. 


Dielasma gillingense (Davidson). 
Davinson, British Carboniferous Brachiopoda, Pal. Soc., 1857-1862, p. 17, pl. iii. fig. 1. 


Two small incomplete specimens, characterised by their very depressed shape, 
probably belong to this species. 


SPIRIFERID&. 
Genus SprrRIFERINA dOrbigny. 


Spiriferina imsculpta (Phillips). 
Davipson, loc, cit., p. 42, pl. vil. figs, 48-55. 


The collection contains a few typical examples of this species. 


Spiriferina insculpta (Phillips), var. (PI. [. figs. 11-110.) 


Six specimens, in various stages of growth, differ in no essential degree from the 
British representatives of Spiriferina insculpta ; the only difference is that the strongly 
marked growth-lines typical of the species are here very indistinct, although the test is 
well preserved. Failing to obtain access to the internal characters, owing to the presence 
of infiltrated calcite, | am unable to say how far this surface feature should affect the 
systematic position of these specimens. 

WaacEN* and 8. Nixitint have indicated the differences between Sporiferina 
msculpta and the Upper Carboniferous Spiriferina ornata Waagen. 


Spiriferina cristata (Schlotheim), var. octoplicata (J. de C. Sowerby). 
Davinson, loc. cit., p. 38, pl. vil. figs. 37-47. 
All the external characters of this common fossil are well exhibited in the materials 


at hand, consisting of a specimen nearly complete and a few fragmentary ones. The 
area is large, very much like that depicted by Davipson, fig. 37 (loc. cit.). 


Spiriferina sp. indet. 


A very imperfect specimen, exhibiting the characteristic punctate shell-structure of 
the genus Spiriferina, differs from the above in having the ribs more sharply defined, 
that is, higher and narrower. Too little is seen to enable one to say whether this 
difference is to be attributed to anything more than an individual character. 


* Pal. Indica: Salt Range Fossils, 1883. + Mém. Com. Géol. Russie, t. v., No. 5, 1890, 
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Genus Sprrirer J. Sowerby. 


Spirifer cf. bisulcatus J. de C. Sowerby. 


The specimen is too incomplete for a satisfactory determination, but it certainly 
belongs to the group of Spirifer bisulcatus J. de C. Sowerby. 


Cf. Sporifer treradialis Phillips. 


One specimen, measuring 6°5 mm. in length and 3°5 mm. in breadth, should possibly 
be placed here, but its true affinities must remain doubtful, on account of its fragmentary 
condition. 


Genus Marriniopsis Waagen. 
Martimopsis? sp. (Pl. I. fig. 12.) 


Two pedicle-valves of a Spiriferid show a peculiar combination of characters which 
might determine its reference to either of the two genera Spirifer or Martinopsis, 
according to the view taken as to the value of these characters, considered individually. 

The outline is sub-rhomboidal, with length exceeding width. The larger specimen 
is 18 mm. long and 16 mm. wide: it is not very convex and has gently sloping sides. 
The area appears to be small and the beak is not much incurved. The sulcus is narrow 
and does not increase in width towards the anterior margin. The surface—excepting 
the cardinal slopes, which are smooth—is ornamented by ten broad, very flat ribs, separ- 
ated by narrow sulci. One rib occupies the bottom of the median sulcus. The external 
layer is minutely pitted, as in Martiniopsis and in most species of Martina. Inter- 
nally, the shell is characterised by two well-developed dental plates. 

The true generic affinities of this form cannot be determined, owing to the brachial 
valve (typically septate in Martiniopsis) being unknown; but it is interesting to note 
that the elongate shape, the median sulcus, and the ribbing of the shell are characters 
not included in Waacrn’s diagnosis of his genus Martimzopsis, under which the present 
form ought to be placed, on account of its pitted surface and small area. Hven in the 
event of the latter view being proved correct, this would not be the first record of an 
elongate and ribbed Martimopsis.* 


Genus Martinia M‘Coy. 
Martina sp. (cf. Spirifera planata Phillips). (PI. I. fig. 14.) 


A pedicle-valve, 11 mm. in length and 10 mm. in breadth, is externally very much 
like “ Spirifera” planata Phillips, as redescribed by Davipson (loc. cit., p. 26, pl. vii. 
figs. 25-36), with this difference, that the sulcus is more sharply defined and ornamented 
by three ribs only, instead of four or five. 


* Compare, for instance, Martiniopsis aschensis, TSCHERNYSCHEW, loc. cit., pl. 1., fig. 4. 
TRANS. ROY. SOC. EDIN., VOL. XLVII. PART I. (NO. 7). 24 
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Closer comparison is not possible, as the internal characters of Puituips’ type- 
specimen are not known; the species described here has no dental plates, and the surface 
is apparently not punctate. 


Martina brucei sp. nov. (PI. I. figs 13-138e.) 


This shell is depressed, sub-rectangular, with width slightly in excess of length; the 
hinge-line is shorter than the greatest width of the shell. The sulcus and the mesial fold 
are indistinct. Both valves are very shallow and of equal depth, and the beak is not 
much incurved. If I am right in assuming that the two specimens described here under 
this name really belong to the same species, then the ornamentation varies considerably 
with age ; on the small one it consists of eighteen rounded ribs, whilst on the larger speci- 
men there are thirty such ribs, a few of which are due to bifurcation. In both, the surface 
shows an extremely minute pitting, and is covered with sharp, close-set lines of growth 
quite visible to the naked eye. The area is very narrow and there are no dental plates. 

The smaller specimen, in which both valves are in apposition, has the following 


dimensions :— 
Length . 3 : : , 13 mm. 
Width . LabhGeiud 
Depth . : ; ; ; Aa) a5 


The larger one is a pedicle-valve 15 mm. long and 18 mm. wide. 

I do not know any Carboniferous Martinia which could be considered as closely 
allied to this species. The nature of the ribbing and the lack of distinct suleus and 
fold give it a general resemblance to the young stage of Martwuwa? inteyricosta 
(Phillips), as figured by Davipson (loc. cit., pl. ix., figs. 17, 18), from which it differs, 
however, in having a much narrower area and the pedicle-valve not more convex than 
the brachial one. There is also a curious superficial resemblance between the smaller 
specimen and the otherwise very different Martiniopsis baschkirica Tschernyschew,* 
this being a striking example of close external resemblance between two forms which, 
according to the modern views, are to be considered as generically distinct on account of 
their internal characters. 


Martina sp. (Pl. I. figs. 15-154.) 


Two pedicle-valves, belonging to a species apparently undescribed, are characterised 
by their rhomboidal shape, linguiform sinus, and peculiar ornamentation consisting of 
faint ribs so flat that the narrow intervening sulci are more conspicuous than the ribs 
themselves. No trace of ribbing can be seen on the cardinal slopes. The larger 
specimen, 24 mm. long and about 20 mm. wide, has some twenty ribs; the smaller 
one, 8 mm. long and 7°5 mm. wide, has only a little over half this number. . 

The whole surface of the shell is covered with fine longitudinal striz regularly 


* TSCHERNYSCHEW, loc. cit., pl. lxiii. fig. 1. 
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distributed, ten of which occupy the space of one rib. No pitting is evident. There are 
no dental plates. 

This species might be compared with Martinia rhomboidalis M‘Coy [non Girty, 
1908],* in common with which it has steeply falling sides, a linguiform sulcus, and 
obsolete ribbing. Its elongate shape, flatter ribs, and characteristic longitudinal strize 
distinguish it from M‘Coy’s species, which is also appreciably smaller. 

The peculiar strize so conspicuous here have been described in many species of 
Spiriferids from various horizons, and cannot be said to be distinctive of any particular 


group. t 


Genus Reticutaria M‘Coy. 
@ Reticularia ombricata (J. Sowerby). 
A small and incomplete specimen has the ornamentation characteristic of this species, 
but, as I have been unable to see its internal characters, its true position must remain 


doubtful. 


Genus SQUAMULARIA Gemmelaro. 


Squamularia sp. a. (PI. I. figs. 18-180.) 


The collection contains a small Spiriferid, the general outline and ornamentation of 
which would determine its reference to Reticularia lineata, were it not that it lacks all 
traces of the septum and dental plates characteristic of the genus Retzcularia, as defined 
by M‘Coy. ‘Ten specimens in different stages of growth up to 12 mm. were examined, 
and all are remarkable for their extremely small and indefinite area. 

The dimensions of the specimen figured are :— 


Length . : 5 : : 10 mm. 
Width . : 5 F : 10%; 
Depth . ; : : ; BE 


Squamularia sp. b. (Pl. L., figs. 19-190.) 


A few examples of a Squamulara differ from specimens of the same size belonging 
to sp. @ in having a well-defined area and a more robust articulating process. Their 
ornamentation is the same as that in sp. a. The dimensions of the specimen figured 
are :— 


Length . : : 3 : 6 mm. 
Width = «. ; f : ‘ Gays 
Depth . , 2 : : 35 ,, 


* M‘Coy, Synopsis Carb. Limestone Fossils of Ireland, 1844, pl. xxii. fig. 11. : 
+ Good figures of this surface structure are given in Palzxontology of New York, vol. viii. (passim), and in Professor 
TSCHERNYSCHEW'S Obercarbonischen Brachiopoden (passim). 
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I have described these two forms separately in order to show their distinguishing 
features, but whether these have a specific value cannot be stated at present. 

Comparison with the known species of Squamularia and with many of the figures of 
“ Reticularia lineata” is difficult, owing to the general likeness obtaining between the 
various members of these two groups, so that the claims to specific distinctiveness of 
the two forms described here cannot be settled without a detailed examination of 
materials from various parts of the world. 


Remarks on the Classification of the Spirifercds. 


Considerable difficulty was experienced in classifying the species enumerated above, 
owing to the internal characters of some of them pointing to generic (?) affinities different 
from those indicated by the external features. : 

An elongate and ribbed Martiniopsis (2), if represented by the pedicle-valve only, is not 
easily distinguished from those forms of Spirtfer which Mr §. S. Buckman has recently 
proposed to place under M‘Coy’s genus Brachythyris, as it has not yet been conclusively 
proved that a small area, the presence of dental plates, anda pitted surface are characters 
not obtaining in this group. Martinia brucei sp. nov., is more strongly ribbed than 
most Martine, and bears, in its young stage, a striking resemblance to an Upper 
Carboniferous shell referred to Martiniopsis; and Squamularia sp., is hardly distinguish- 
able from forms referred to Reticularia lineata. 

That externally similar shells may differ in the nature of certain internal features 
has long been known, but paleontologists have not always agreed as to what degree of 
importance should be attached to these particular features, to wit, in this case, dental 
plates. Hatt and Cuarks* indicated these characters in some forms of their “ Glabratc” 
section, but without formulating a definite opinion as to their value, and the genus 
Reticularia was believed by them to include forms devoid of dental plates, this belief 
being probably based upon Waacen’s re-definition of the genus.t But neither WaacEn 
nor Haun and CiarKeE paid sufficient attention to the fact that M‘Coy, when establishing 
his genus Letecularia, emphasised in his diagnosis the presence of a septum and dental 
lamelle,{ a character observed in 1887 by Professor TscHERNYSCHEW in a specimen 
from Visé, figured for comparison with Devonian materials.§ 

In 1895 Dr A. Tornquisr commented upon the generic value of the term Reticularia, 
and restricted it to its original implication ;|| and under the name of Martinia lineata 
M. A. JuLtEen figured in 1895 a Reticularia in which a septum and dental plates are 
discernible. 1 


* Paleontology of New York, vol, viii., 1898, and Introduction to the Study of the Brachiopoda, 1893. 

t Waacen, Pal. Indica: Salt Range Fossils, p. 588, 1887. 

{ M‘Coy, Synopsis, p. 142, 1844. 

§ Tscurrnyscuew, “Die Fauna des mittleren und oberen Devon am West-Abhange des Ural,” Mém. Com. Géol. 
Russie, 1887, pl. x. fig. 1. 

|| A. Tornquist, Das fossilfiihrende Untercarbon am dstlichen Rossbergmassiv in den Vogesen, 1895, p. 119. 

A. Junin, Le Terrain Carbonifere marin de la France Centrale, 1896, pl. ii. fig. 10. 
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Dr G. H. Girty, who treats of this matter very exhaustively, proposes to restrict 
Reticularia to its original implication, and quotes a number of American Mississipian 
forms referable to this genus.* 

English authors who have of late years given much attention to the study of 
the internal organisation of Carboniferous Brachiopods also consider dental plates 
to be characteristic of Reticularia, but no mention is made by them of the 
presence of a median septum,t and it would be rather interesting to know whether 
there are actually such forms of “ Reticularia” with dental plates, but without 
median septum. 

Now, the interesting point already fully elucidated by Dr Girry is that there are 
forms having the typical ornamentation of “ Sprifer lineatus,” but quite devoid of 
dental and septal plates, and for these forms Dr Girty adopts GEMMELARO’S genus 
Squamularva, with this interesting remark, that in America it is an Upper Carboni- 
ferous genus, whilst the septate Reticularia is essentially Lower Carboniferous. On 
the other hand, such is not the case in Europe, as proved by the researches of various 
authors. WaacEN, who compared his Indian materials with specimens of “ eticu- 
laria” lineata from Visé, found the latter to be devoid of internal partitions, and 
Dr H. Scurin, after examining a number of specimens of “ Spuifer” lineatus from 
Germany, stated that this species is usually without dental plates.[ In this same work 
he points out that German examples of Spirifer glaber often have dental plates, and 
on this evidence he denies a generic value to Reticularia and Marta, a point of view 
shared by HE. ScHELLwien.§ 

The genus Squamularia having been created for the reception of Permian species, 
the above review was necessary in order to show that its presence is not incompatible 
with the Lower Carboniferous affinities of the Cape Cherney fauna, since the Lower 
Carboniferous rocks of the Continent are said to contain representatives of a non-septate 
“ Spurifer lineatus,” and such forms have also been recorded from Britain.|| 


Genus Ampoca@:iia Hall. 
? Ambocelia wrei (Fleming). 


This species is possibly represented by an incomplete specimen of which I have not 
been able to determine the internal characters. 


* G. H. Girty, “The Carboniferous Formation and Fauna of Colorado,” U.S.G.S., Professional Paper No. 15, 
1903, p. 31. 

+ T. F. Srety, “On the Carboniferous Limestone in the Mendip Area,” Quart. Journ. Geol. Soc., 1906, p. 375 ; 
A. VauaHAN, “On the Faunal Succession in the Carboniferous Rocks at Loughshinny,” zbid., 1908, p. 469; S. S. 
Bucxmay, “ Brachiopod Homeomorphy,” 7zbzd., 1908, p. 31. 

t H. Scupin, ‘‘ Die Spiriferen Deutschlands,” Palxontographica, 1900, pp. 5 and 6. 

§ E. ScHEeLiwien, “ Die Fauna der Trogkofelschichten,” Abh. k. k. Geol. Reichsanstalt, 1900, p. 67. 

|| A. Vauanan, “The Carboniferous Limestone Series of the Avon Gorge,” Bristol Naturalists’ Society Proceedings, 
1906, p. 159; S. S. Buckman, loc, czt., 1908, p. 33. 
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RHYNCHONELLID&. 


The collection contains only a few and _ totally indeterminable fragments of 
Rhynchonellids. 


ATHYRIDZ. 


Athyris ? spp. indet. (PI. I. figs. 20, 21.) 


The Athyrids are represented by a few small specimens referable to two distinet 
forms. Their shape is very depressed, but as this character appears to be partly due to 
crushing, they had better be left undetermined. 


Genus CamMARosPIRA Hall and Clarke. 


Camarospira ? sp. (Pl. L. figs. 22-22d.) 


A small Brachiopod exhibiting remarkable internal features appears to be specially 
abundant in the Cape Cherney Limestone; unfortunately, none of the specimens 
obtained is complete enough to permit of a satisfactory determination. 

Externally, the shell has an athyroid aspect, but the pedicle-valve is much larger 
than the brachial one, and has a high and apparently incurved beak. The brachial 
valve is much flatter than the pedicle-valve, and its umbo is very low. The hinge-line 
is arcuate, and the cardinal area appears to be obscure, but the shoulders are well 
marked. The apical region being broken in all the specimens, the presence or absence 
of a foramen could not be determined. 

Both valves are evenly convex but for a faint depression in the anterior portion of 
the pedicle-valve, and a certain mesial gibbosity in the brachial valve. 

The shell is quite smooth, and its structure is fibrous and impunctate. 

Internally, the pedicle-valve is characterised by highly developed and strongly 
convergent dental plates uniting to a high septum and thus forming a spondylium 
which extends to about three-fourths of the length of the shell. The supporting septum 
appears to reach the frontal margin, so that longitudinal splitting is common among 
the specimens observed. 

Of the brachial valve, two specimens only were available for study. There is no 
evidence of a spondylium; but a septum, the dimensions of which could not be 
estimated, is present and exhibits a thin black median line. The nature of the latter is 
not easily explained, since the septum does not seem to be the result of the joining 
together of septal plates. 

The articulating process could not be satisfactorily studied; it appears, however, 
to be very robust for a shell of this size—the largest specimen observed being only 
12 mm. long. 

The only Brachiopod to which this species bears some structural resemblance is the 
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Devonian Camarospira eucharis (Hall).* The features common to both are the 
presence of a spondylium in the pedicle-valve, and that of a septum in the brachial 
one; but here the spondylium extends anteriorly to about three-fourths of the length 
of the shell, whilst in Camarospira eucharvs it is only about one-fourth of that length, 
and its supporting septum is much shorter. 

It must be understood that the reference of this species to the genus Camarospira 
is for the sake of convenience only, and cannot be substantiated without confirmatory 
evidence from other important characters. In any case, enough is known to show that 
it has no affinities to any of the smooth Camarophorids. 


STROPHOMENID. 
Genus SCHUCHERTELLA Girty. 


Schuchertella crenistria (Phillips). 
Davinson, Joc. cit, pl. xxvi. 


A few fragmentary specimens of this species are in the collection. Dr G. H. Girry 
has fully explained his reasons for restricting the term Orthotetes to its original impli- 
cation, viz. to septate forms allied to Derbya Waagen; and for the group of Strepto- 
rhynchus lens White, and of Spirifere crenistria Phillips, thus left anonymous, he pro- 
poses the generic term Schuchertella. 

In the present determination it is assumed that PHILuips’ type-specimen belongs to 
the aseptate form as interpreted by Davipson.t 


Orthotetid indet. (PI. I. figs. 23-23a.) 


A small Orthotetid, represented by a pedicle-valve and two brachial valves, is char- 
acterised by its biconvex shape, with the hinge-line shorter than the greatest width of 
the shell. The cardinal area of the pedicle-valve is very elevated, and the beak is dis- 
torted; the brachial valve has no area. ‘The ornamentation consists of fine raised lines 
separated by broad sulci. 

This combination of characters gives it a superficial resemblance to Meekella (Ortho- 
tetina) oluvieri (de Verneuil), but sections made in both valves show the total absence of 
the dental and septal plates characteristic of Meekella, and further, there is no median 
septum asin Derbya and in Orthotetes [emend. Girty]. Access to the details of the 
articulating process being impossible, | am unable to say whether this form should be 
considered as an aberrant Schuchertella or be referred to the genus Streptorhynchus. It 
would be interesting to prove the occurrence of a Streptorhynchus in the Cape Cherney 
Limestone, since the genus is said by SCHELLWIEN to have a far greater vertical range 


* Hau and CrarKe, Palxontology of New York, vol. viii., pt. ii., 1893, pl. 1. figs. 46-52, p. 82. 
+ G. H. Girry, “The Guadalupian Fauna,” U.S.G.S. Professional Paper No. 58, 1908, pp: 156-199, 
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than is usually admitted, having, according to him, made its first appearance in 
Devonian times.* 


ORTHIDA, 
Genus RuiPrpoMELLA Oehlert. 
Rhipidomella machelini (L’Eveillé). (Pl. I. fig. 16.) 
Davinson, loc. cit., pl. xxx. figs. 6-8. 


So far as external characters may be trusted, the numerous specimens which I refer 
to Rhipidomella michelini are undistinguishable from the west of Europe form. 


Genus ScuizopHoriA King. 


Schizophoria aff. resupinata (Martin). (Pl. I. fig. 17-174.) 
Compare Davipson, loc, cit., pl. xxx. fig. 1. 


A single pedicle-valve, globose and very transverse, with a shallow mesial sulcus, 
has the general appearance of Schizophoria resupinata, from which it differs in the 
nature of its ornamentation. The ribs are stronger and separated by wider sulci than 
in the British form; near the margin the sulci are as broad as the ribs separating 
them. The shell is very thick. The pores and the pits corresponding to the spine-bases 
are disposed as in Schizophoria resupinata. 


Schizophoria sp. (Pl. IL figs. 24-24c.) 


This species is represented by a complete specimen measuring :— 


Length . : ; : ¢ 11 mm. 
Width =. ; ; ; : Los i 
Depth : ; : : : Des 


and by two isolated valves. The ribbing is very fine, and the valves are non-sinuate 
and much depressed ; the cardinal area is short and low. The shell is very thin. 

A puzzling feature exhibited by the brachial valve after decortication is the hexa- 
plicate appearance of the muscular impression; it may be, as suggested by my 
colleague Dr [vor Tuomas, who kindly looked at the specimen, that the posterior con- 
centric division is but the termination of unusual accretion of material below or about 
the cardinal process. The cast of the brachial valve of Orthis pulvinata Salter, shows 
an identical feature, due, as explained by Satrmr, to the impression of the “ hinge-teeth” — 
and of the cardinal process, the three happening to be of the same length in this species ; 


* E. ScHELLwien, loc, cit., p. 17 ; and “ Beitrage zur Systematik der Strophomeniden des Oberen Palaeozoicum,” 
Neues Jahrbuch, Ba. i., 1900, p. 5. 
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but in the present case, what is left of the shell in the cardinal region is more in 
favour of Dr THomas’ explanation.* 

The depressed shape of this shell gives it a greater resemblance to the form referred 
by SzemEeNow and Mozuer to “ Orthis striatula” than to any other Schizophoria, but 
in the Nowaja Semlja shell the hinge-line is shorter.t 


PRODUCTID. 
Genus CHoNETES Fischer de Waldheim. 


Chonetes papilionacea (Phillips). (Pl. U. fig. 25.) 


Davipsoy, loc. cit., pl. xxxv. figs. 3-5. 


The Cape Cherney form is undistinguishable from the flatter variety of the British 
Chonetes papilionacea. 

Dr T. F. Srpty has recently remarked that the term papilionacea embraces more 
than one form, and for the flat kind—as is the present one—he proposed the new name 
“compressa,” a name very expressive of the general appearance of the shell, but 
unfortunately already applied to another species of Chonetes.{ 


Chonetes (sp. plur.?) (PI. IL., figs. 26-284.) 


Numerous specimens of all sizes up to 12 mm. belong to one or more species, the 
general characters of which are as follows :—The shape is more or less semicircular, and 
the pedicle-valve evenly convex, but rather shallow ; the brachial valve is very concave, 
so that there is little space between it and the brachial one. The ribs increase by 
forking, but do not number more than about forty, on the larger specimens. Owing to 
the fragmentary condition of the material an accurate determination cannot be given, 
but it may be indicated here that where the shell’s width does not exceed its length, 
and the shell is ornamented by few ribs, it bears a certain resemblance to the Devonian 
Chonetes armata (BoucuaRD), as figured by DE Konincx,§ whilst the more transverse 
ones, with more numerous ribs, appear identical with the form provisionally described 
as Chonetes cf. crassistria by Dr A. VaucHan.|| 

A third type is represented by a specimen more globose than the above, with a com- 
paratively low area, as obtains, for instance, in Chonetes minuta (Goldfuss), from which 
it differs in the nature of its ribbing.4 


* J. W. Sauter, “Note on the Fossils from the Budleigh Salterton Pebble-Bed,” Quart. Jour. Geol. Soc., 1864, 
p. 295, pl. xvii. fig. 8; Davinson, Brachiopoda of the Budleigh Salterton Pebble-Bed, Pal. Soc. 1881, pl. xli. fig. 11. 

+ “Uber die oberen devonischen Schichten des Mittleren Russlands,” von P. SeMENow und V. von MétteEr, Bull. 
Acad. Imp. Scrences, St Pétersbourg, 1863, p. 691, pl. ii. fig. 10. 

¢t WaaaeEn, Pal. Indica: Salt Range Fossils, 1884, iv. p. 630; T. F. Sipty, “On the Faunal Succession in the 
Carboniferous Limestone of the Midland Area,” Quart. Jour. Geol. Soc., 1908, p. 78, pl. i. fig. 7. 

§ Monographie des Genres Productus et Chonetes, 1847, pl. xx. fig. 14. 

|| “ Palzeontological Sequence in the Bristol Area,” Quart. Jour. Geol. Soc., 1905, p. 294, pl. xxvi. fig. 2. 

4] As interpreted by De Kontnck, loc. cit., fig. 18. 
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Genus Propuctus J. Sowerby. 


Productus giganteus (Martin). 


The materials are fragmentary, but enough is at hand to show that more than one 
form may be represented. | 

(1) A specimen which when complete must have measured about 15 em. in width 
has the type of ribbing and the furrowed surface characteristic of the British examples 
figured by Davinsoy, pl. xxxviil. and xxxix. (loc. cit.). (2) A specimen about 12 em. wide 
and very transverse, the surface of which is not furrowed, has the ribs separated by wider 
sulci than in the above. (8) Avery large specimen, about 15 cm. wide, is less transverse 
than the two others, and has finer and more close-set ribs; its surface is not furrowed. 
(4) Three small specimens have the Hdelburgensis type of ornamentation. 

These four forms are too poorly represented to enable one to say whether they 
belong to distinct varieties (or species?) or are but the different growth-stages of one 
and the same species. 


Productus antiquatus J. Sowerby. 
Mineral Conchology, pl. 317, figs. 5-6. 

The collection contains a large specimen, 7 cm. in width, agreeing very well with 
J. Sowersy’s figure. 

This form and the following I cite separately, but without expressing an opinion as 
to their relationship to the Productus semireticulatus of authors. Speaking of the 
latter, Professor 'I'scHERNYSCHEW has made the interesting remark that the flatness of 
its dorsal valve is a good criterion for distinguishing it from certain species of the group 
of Productus boliviensis d'Orbigny, to which it often bears some resemblance. 


Productus concinnus J. Sowerby. (Pl. Il. fig. 33.) 
Mineral Conchology, pl. 318, fig. 1. 
A strongly geniculated brachial valve seems referable to this species, the main 
characters of which are well exhibited, with this difference, that in the frontal portion 


the ribs are separated by wider sulci than appears to be the case in the British form; 
but this may be an age-character, this being a large specimen 30 mm. in width. 


Productus longispinus J. Sowerby. (Pl. Il. fig. 31.) 


Davinson, /oc, cit., pl. xxxv. figs. 5 and 12. 


The numerous specimens at hand belong to the slightly transverse, evenly convex 
type as figured by Davipson, fig. 5 (oc. cit.). One specimen only shows a slight con- 
vergence towards the lobate form. I have not been able to ascertain whether they 
possess the “ marginifera” ridge usually present in this species. 
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Productus longispinus? (var.?). (PI. Il. fig. 32.) 


A few specimens are characterised by their fine ribbing and very convex visceral 
region. They resemble Productus spinosus J. Sowerby (Davipson, loc. cit., fig. 17), but 
the materials are too fragmentary to enable one to make a decided statement as regards 
their true affinities. 


Productus sp. indet. 


A fragmentary pedicle-valve, too incomplete for a detailed description, but belonging 
probably to the semireticulati, is suggestive, in the general style of its sculpture, of the 
form referred by SemeNnow and MOo.ier to Productus carbonarius de Koninck.* It 
may, however, well be that this is but an appearance due to the imperfect state of 
preservation of the specimen. 


Productus ef. margaritaceus Phillips. (Pl. Il. fig. 29.) 


A pedicle-valve 10 mm. wide, and about 8 mm. long, is too small to permit of close 
comparison with the figures of Productus margaritaceus given by Puiuirps and 
Davipson, but on the other hand appears almost identical with the small form referred 
to this species by Dr A. Tornquist.t 

The Upper Carboniferous Productus parvulus Nikitin [non Winchell, 1863]{ has 
the same outline and ribbing, but differs from it in being more convex, with a broader 
visceral region on which are spines, here, however, very scarce and restricted to the 
cardinal slopes. 


Productus coats: sp. nov. (PI. IL figs. 35-35a.) 


This shell is longitudinally oval, and the hinge-line is a little shorter than the width 
of the shell. The pedicle-valve is gibbous, without a sinus; the ears are very small. 
The beak is very prominent, and its extremity overlies the hinge-line. The brachial 
valve is just perceptibly concave, so that there is a large space between it and the 
pedicle-valve. 

The ornamentation of the pedicle-valve consists of tubercles which are very elongate 
and rib-like on the mesial and frontal portions, and rounded on the ears and cardinal 
slopes. The ornamentation of the brachial valve is very different, consisting of 
rounded pits. 

The specimen figured is a slightly distorted pedicle-valve, measuring :— 


Length . ; § : ; 12 mm. 
Width . : i : : oe 
Depth . : : : ‘ ae 


* Loc. cit., Bull. Acad. Imp. Sciences St Petersbourg, 1863, p. 704, pl. iv. fig. B. 
+ Das fossilfiihrende Untercarbon am éstlichen Rossbergmassiv in den Vogesen, 1895, pl. xiv. fig. 4. 
+ Nixitin, Mém. Com. Géol. Russie, vol. v., No. 5, 1890, pl. i. figs. 13-14. 


170 . DR G. W. LEE ON 


Another specimen, 11 mm. long, is partly broken, but shows both valves in apposition ; 
the maximum distance between the two valves is 5 mm. 

The general appearance of the shell is very much like that of Productus youngianus 
Davidson, a shell which differs from the present one in having a very concave brachial 
valve closely following the curves of the pedicle-valve ; besides, the brachial valve of 
Productus youngianus is ornamented by ribs, the place of which is taken here by pits. 
The nature of the ornamentation on the ears and cardinal slopes can also serve to dis- 
tinguish it from Productus youngianus. 

The Devonian Productus dissimilis de Koninck,* is remarkably like Productus 
brucei as regards the ornamentation of the pedicle-valve, but it is a less elongate shell, 
with a differently ornamented brachial valve. 


Productus sp. indet. 


A specifically indeterminable fragment exhibits the ribbing typical of Productus 
scabriculus (Martin). 


Productus cherneyensis sp. nov. (PI. II. figs. 37--370.) 


No specimens showing both valves in apposition are at hand, but the pedicle-valve 
described here is sufhiciently characterised to merit a distinct appellation. It is semi- 
circular, measuring 17 mm. in length and 19 mm. in width. The visceral portion is high 
and narrow ; the ears are well defined and the beak is much incurved, overlying the 
hinge-line. The surface is ornamented with ten broad concentric folds bearing thick, 
rounded tubercles separated by wide intervals. Between the folds, numerous concentric 
growth-lines are visible to the naked eye. The shell-substance is very thin. 

Two small specimens, 5 mm. long, show the same characters, the thick tubercles 
being very pronounced for such small shells. 

This species probably belongs to the group of Productus fimbriatus J. Sowerby, 
but it differs from most of its members in having a narrower visceral cavity, and fewer 
tubercles, which are moreover rounded, not elongate as in Productus fimbriatus. These 
characters are well shown in a species which Dr A. VauaHan provisionally describes as 
Productus cf. fimbriatus,t with the remark that it probably represents a link between 
the fimbriate and the aculeate Product:. Productus cf. fimbriatus may possibly be 
identical with the present one, but the specimen figured by Dr VauGHAN is more elongate 
than the Cape Cherney form. 


Productus elegans M‘Coy. (PI. II. figs. 38-380.) 

M‘Ooy, British Palxozoic Fossils, 1855, p. 460, pl. iii.H, fig. 4. 
This is the most abundantly represented Productus in the collection, and it is 
undistinguishable from its British representatives. One specimen, showing part of both 


* Monographie des Genres Productus et Chonetes, p. 147, pl. xvi. fig. 5. 
+ Quart. Jour, Geol. Soc., 1906, p. 308, pl. xxx. fig. 6. 
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valves in apposition, reaches a size exceeding that commonly attained by the species ; 
when complete it probably measured some 40 mm. in length. As this large specimen 
shows no trace of the sinus characteristic of Productus punctatus (Martin), we have here 
another conclusive proof of the fact that Productus elegans is not to be considered as 
the young stage of Marrin’s species. 


Productus keyserlingianus de Koninck, var. (PI. I. figs. 36—36a.) 
De Koninck, Monographie du Genre Productus, 1849, p. 134, pl. xiv. fig. 6. 


Four specimens, two of which have both valves in apposition, differ from Productus 
keyserlingianus as described by DE Koninck in having fewer tubercles ; they are other- 
wise quite like the Belgian form. 

The specimen figured under this name by M. Krotow is remarkable for an unusually 
large number of tubercles.* 


Productus spinulosus J. Sowerby. (Pl. II. fig. 30.) 
Davipson, loc. cit., pl. xxxiv. figs. 18, 19. 


The materials are fragmentary, but abundant; they are quite characteristic, with the 
exception of one or two specimens which appear to be slightly flatter than the type as 
refigured by Davinson. 


Sub-genus PROBOSCIDELLA Oehlert. 


Productus (Proboscidella) nysti de Koninck. (PI. II. figs. 34, 34a.) 
De Kownrncx, loc. cit., p. 65, pl. xiv. fig. 5. 


Materials indifferently preserved and belonging to this species might easily be taken 
for brachial valves of other Productids, but the specimen in the collection is in a fair 
state of preservation, consisting of a nearly complete pedicle-valve with part of the other 
valve still in apposition. 

Its proportions and ornamentation, and its short bent margin, are exactly as depicted 
by pe Koninox. 


IncERTa SeEpIs. 


The collection contains two fragmentary pedicle-valves of a Productoid shell, 
characterised by its greatly depressed shape and the extreme thinness of the test. The 
ornamentation consists of broad longitudinal folds bearing a few obtuse tubercles, with 
indications of wrinkling on the ears. 


* Mém. Com. Géol. Russie, vol. vi., 1888, pl. i. fig. 20. 
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Class LAMELLIBRANCHIATA. 
Genus Patazoutima Hind. 


Palxolima aft. simplex (Phillips). (PI. IL. fig. 45.) 


Hinp, Monograph of the British Carboniferous Lamellibranchiata, Pal. Soc., 1903, vol. ii. p. 39, 
pl. xix. figs. 24-27. 


A right valve measuring 6 mm. dorso-ventrally and about 6 mm. antero-posteriorly 
is very much like the British form as interpreted by Dr Hinp, but its ribs are not 
appreciably flattened on the anterior side, and in this one respect differs from that form. 

From the Upper Carboniferous Palzolima retifera (SHuMaRD) it differs in having 
fewer ribs. 


Genus AvIcULOPECTEN M‘Coy. 


Aviculopecten clathratus (M‘Coy). 
Hinp, loc. cit., p. 82, pl. xv. figs. 1-7. 


A left valve measuring approximately 8 mm. dorso-ventrally agrees in every respect 
with Dr Hinp’s re-description of the species. 


Aviculopecten planoclathratus (M‘Coy). 
Hinp, loc. cit., p. 91, pl. xv. figs, 8-12. 
The shape and ornamentation of this specimen, which measures 10 mm. dorso-ventrally 
and 10 mm. antero-posteriorly, are exactly as in the British form, only the radial 


ornamentation is more accentuated ; but this may be accounted for by the excellent 
state of preservation of the surface characters in the Nowaja Semlja shell. 


Aviculopecten® sp. indet. 


A badly preserved pectiniform shell, measuring 30 mm. approximately in its two 
dimensions, probably belongs to this genus, but not to either of the above species. 


Genus Epmonpia de Koninck. 


Cf. Hdmondia m‘coyt Hind. 
Hinp, loc. cit., vol. i., 1899, p. 329, pl. xxxvi. figs. 23-29. 


A left valve, somewhat obscure and incomplete, belongs probably to a species of the 
group of Hdmondia scalaris (M‘Coy), and its affinities to Hdmondia m‘coy: Hind, are 
indicated by the shape of the broad concentric ridges, which point to a transversely 
subquadrate shell rather than to an obliquely suboval one. It measures approximately 
15 mm. dorso-ventrally and 20 mm. antero-posteriorly. 
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Genus Conocarpium Bronn. 


Conocardium rostratum (Martin). (Pl. II. fig. 40.) 
Hinp, loc. cit., vol. i., 1900, p. 453, pl. li. figs. 6-9. 


This species is represented by two small specimens quite complete but for part of 
the anterior portion. The posterior rostrum of the specimen figured is in the collection, 
but could not conveniently be photographed along with it. This specimen measures 
3°5 mm. dorso-ventrally and 3 mm. from side to side, and owing to its small size | am 
doubtful as to the degree of importance to be attached to the fact that the lower border 
is not concave, as in the form figured by Dr Hrnp, loc. cit., fig. 7, but is rather slightly 
convex, as in fig. 6, cbid. ; this may be only an appearance due to the incompleteness of 
the anterior end. 


Conocardium aleforme (J. de C. Sowerby). (PI. IL. figs. 41, 41a.) 
Hinp, Joc. cit., vol. i., 1900, p. 460, pl. liv. figs. 1-10, 


Conocardium aleforme is represented by seven specimens in all stages of growth 
up to about 10 mm. dorso-ventrally, and apparently undistinguishable from the British 
form, with this exception, that the larger one is slightly less inflated than SowrerBy’s 
type. At all events, it seems that the degree of gibbosity of the shell varies even in 
typical Lower Carboniferous districts—since a specimen of Conocardium aleforme 
figured by DE KonINCK is appreciably compressed laterally.* 


Class SCAPHOPODA. 


The collection contains a specifically indeterminable Dentaliid. 


Class GASTEROPODA. 


The Gasteropod fauna of the Cape Cherney limestone is very varied, but the greater 
number of the species is represented by extremely small specimens, as if some 
pauperising influences had arrested their normal development. In those cases where 
the types of the species which [ believe to be present here are actually minute forms, 
my identifications will probably be found to be fairly correct, but it is not without some 
misgiving that I have made bold to compare some of these small fossils with common 
west of Hurope species, although these have been founded on large specimens. Yet 
resemblance is often so striking—except in matter of size—that the latter course is 
perhaps after all the safest. 


* Faune du Calcaire Carbonifere de la Belgique, 1885, vol. v. pl. xviii. fig. 17. 
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PLEUROTOMARIDZ. 


Genus Mourtonta de Koninck. 
Mourlona levis (M‘Coy). (PI. I. figs. 44-440.) 
M‘Coy, Synopsis of the Carboniferous Limestone Fossils of Ireland, 1844, p. 41, pl. v. fig. 15. 


This very depressed species appears to be represented by two small specimens 
measuring 6 mm. in diameter. ‘The slit-band is perhaps slightly wider than is the case 
in the type-figure. 


Genus Mourcuisonia d’Archiac and de Verneuil. 


Murchisonia aff. archiaciana de Koninek. (Pl. Il. fig. 42.) 
De Konincr, Faune du Calcaire Carboniféere de la Belgique, vol. iv., 1883, p. 16, pl. xxxiv. figs. 5-6, 19-20. 


Dr Konrncx’s species was founded on a much larger form. The fragmentary 
specimen which I compare to it is much smaller, the length of the four whorls com- 
posing it being only 6°5 mm., and the diameter of the last whorl 3 mm. The tapering 
is the same as in the Belgian species, and the ornamentation is similar, but there are 
four keels on each side of the sinual band, whilst in Murchisonia archiaciana four 
keels are stated to be above the band, and six or seven below it; the latter are also less 
pronounced. 


BELLEROPHONTID 2. 


Genus BELLEROPHON de Montfort. 
Bellerophon hiulcus (Martin). 
J. pB C. Sowersy, Mineral Conchology, 1825, pl. 470, fig. 1. 


Bellerophon hiulcus is represented by a few specimens, the largest of which does not 
exceed 12 mm. in diameter. 


Bellerophon aff. tenuifascia J. de C. Sowerby. 
J. pp C. Sowersy, Mineral Conchology, 1825, pl. 470, figs. 2-3. 


The ornamentation and the fine, thread-like ridge are as in the British species, from 
which the specimen at hand—measuring 18 mm. in diameter—differs in being less 
globose, the periphery being somewhat flattened, especially on the last part of the whorl. 
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EUOMPHALID ZA. 
Genus STRAPAROLLUS de Montfort. 


Straparollus dionyst de Montfort. 
De Koniwok, loc. cet., vol. ii1., 1881, p. 120. 


This species, as interpreted by DE Konrtnck, is represented by a few specimens 
greatly dwarfed, the largest of which is only 10 mm. in diameter. 


Straparollus pileopsideus (Phillips). 
Puiuuirs, Geology of Yorkshire, vol. ii., pl. xiii. fig. 6. 


The collection contains numerous specimens of a small species of Straparollus which 
in every detail except size seems identical with PurLiips’ species; they average only 
5 mm. in diameter. 


PYRAMIDELLID A. 
Genus Loxonema Phillips. 


Loxonema levigatum (Kichwald). (Pl. II. fig. 46.) 
Lethza Rossica, 1860, p. 1117, pl. xlii. fig. 6. 


The specimens which I refer to this species agree very well with Loxonema 
levigatum, in particular in the smooth surface, the shape of the whorls, the linear 
suture, and the tapering of the shell. They are, however, much larger, the specimen 
figured, for example, measuring 4 mm. across the last whorl, a dimension which far 
exceeds that of EicHwaLp’s type. 

Loxonema sutwrale (Puiturrs) has the same general appearance, but its suture is 
wide and deeply excavated. If my identification proves correct, this will be the only 
Gasteropod in the collection actually larger than the type of the species to which it is 
referred. 


Loxonema sp. a. (Pl. IL figs. 48, 48a.) 


An incomplete specimen of four whorls, the total length of which is 4°5 mm., is 
characterised by a wide spiral angle and an ornamentation consisting, on the juvenile 
whorls, of numerous fine lines, equidistant and raised, which, on the last whorl, are 
arranged in sets of three separated by a smooth interval, the central line being a little 


stronger than the two bordering it. 
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Loxonema ef. anglicum d’Orbigny. 
Puituips, Paleozoic Fossils of Cornwall, 1841, fig. 188. 


Four specimens, very small and fragmentary, must be placed in the group of 
Loxonema rugiferum (Puiuuirs), but the whorls are higher than in this species, thus 
pointing to closer affinities to Loxonema anglheum WVOrbigny. Another character 
they appear to have in common with it, is that the ribs are continuously uniform in 
size, showing no tendency to become evanescent in their upper part. This latter 
feature has already been pointed out by the Rev. G. F. Wumsorne.* 

The name Loxonema anglicum was given by pD’ORBIGNyt to a Devonian species 
which Parties had described in 1841 (loc. cit.) as a Devonian representative of his 
Carboniferous Melania rugifera, from which it differs in the characters indicated. 

The materials are too fragmentary to determine whether they really belong to the 
Devonian species, which has, however, already been recorded from Carboniferous rocks, 
the name figuring in Srruve’s list of Carboniferous fossils from the Moscow basin. 


Loxonema sp. b. (Pl. IL fig. 43.) 


The largest of three fragments is composed of four whorls measuring 3°5 mm. in 
length. The ornamentation consists of straight, sharp equidistant costee, more numerous 
on the younger whorls than on the later ones, and belongs to the type exhibited in 
Loxonema strigillatum de Koninck (loc. cit., 1881, pl. vi. fig. 22) and in Loxonema 
wishere Krotow.{ But the Nowaja Semlja shell differs from these in having the whorls 
less convex and a more shallow suture. In shape it resembles Loxonema semicostatum 
Meek and Worthen; § but in the latter the costee increase in number in the older part 
of the shell, whilst in this case it is the reverse. 


Loxonema? sp. c. (PI. IL. fig. 49.) 


A nearly complete specimen, measuring 5°5 mm. in length and 1$ mm. across the 
body-whorl, has doubtful generic affinities, since it is bucciniform, with a large body- 
whorl and an apparently twisted columella, as in certain species of Macrocheilina, but 
the ornamentation is like that of a Loxonema. Since the state of preservation is such 
as to preclude the possibility of determining whether the columella was callous or not, 
its true generic position must remain doubtful. 

The first two whorls are unornamented; the third and the fourth have a few broad 
transverse folds, whilst the ornamentation of the body-whorl is totally different, consist- 
ing of straight raised lines, closely set and very numerous. 

* A Monograph of the Devonian Fauna of the South of England, Pal. Soc., 1896, vol. iii. p. 43, 
+ Prodrome de Paléontologie, vol. i., 1850, p. 62. 


{t Mém. Vom. Géol. Russie, vol. vi., 1888, pl. i. fig. i. 
§ Geol. Survey Illinois, vol. v., pl. xxix. fig. 2. 
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Its ornamentation distinguishes it from Loxonema? buccinordeum de Koninek (loc. 
cit., 1881, pl. vi. figs. 12-18), a species of doubtful generic affinities but of a similar 
shape, as is also Loxonema semicostatum de Koninck [non Meek and Worthen]. 


LIrToRINIDA. 
Genus TURBONITELLA de Koninck. 


Turbomtella biservalis (Phillips). (Pl. I. figs. 47, 47a.) 
Puituirs, Geology of Yorkshire, pl. xiii. figs. 10, 11. 


This species is represented by four small specimens, the largest of which is only 5°5 mm. 
in length. ‘The small ones have the ornamentation of Puiiurps’ Turbo semisulcatus 
(loc. cat., fig. 10), and the greater portion of the last whorl of the largest one has the 
two sets of alternating ribs as typically developed in Turbo biserralis (loc. cit., fig. 11), 
its beginning showing the transition of the “semzsulcatus” type to the “ biserialis” 
type. This is also exhibited on the end of the last whorl of the intermediate specimen. 


Genus PortTLockta de Koninck. 


Portlockia lacordavrer? (de Koninck). 


De Koninek, loc. cit., 1883, pl. xxv. figs. 17-19. 


Portlockia parallela? (Phillips). 
Puaruures, Geology of Yorkshire, pl. xvi. fig. 8. 


Each of these two species seems to be represented by a fairly complete but ex- 
tremely minute specimen, in all respects like the west of Hurope form, except in size. 


CaAPULIDA. 
Genus OrtHonycuta Hall. 


Orthonychia sp. (Pl. II. figs. 39, 39a.) 


Without expressing an opinion as to the value of the generic term Orthonychia, I 
place under it a very small (6 mm. from apex to frontal margin) capuliform shell which 
exhibits the features said to be characteristic ofthe genus, that is to say, the apex is 
incurved to a slight extent only, and shows no tendency to be spirally enrolled. Its 
specific characters are as follows :—The slopes are steep and meet under an acute angle 
forming a ridge bordered on each side by a very faint carina ; a shallow groove extends 
from the apex to the margin, and divides the left side into two equal portions; this 
groove is apparently absent on the right side; the surface is covered with undulating 


lines of growth. 
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Comparison with other species is diflicult, since it is very small and there is 
nothing to indicate the stage of growth of the specimen, but in many respects it bears 
a general resemblance to Orthonychia unewm (Meek and Worthen),* a species which 
American palzeontologists consider to be a synonym of Orthonychia acutirostris 


(Hall).t 


Class CRUSTACEA. 
‘TRILOBITA. 
Genus Puruuiesta Portlock. 


Philiipsia eichwaldi ? (Fischer de Waldheim). 
Woopwarp, Monograph of the British Carboniferous Trilobita, 1883, p. 22, pl. iv. 


A pygidium and a fragment of the head, seen from the under side, are possibly 
referable to this species. The under side of head is very much like that figured by 
Dr H. Woopwarp (loc. cit., fig. 8). 


I am indebted to Dr B. N. Preacu, F.R.S., for helping me in this determination. 


The following are generically indeterminable, on account of their imperfect 
preservation :— 


Sp. a. 


A fragment of pygidium characterised by the extreme convexity of the axis and 
the corrugated appearance of the somites, as obtains, for instance, in Griffithides 
globiceps (Phillips). 


Sp. 6. (Pl. IL. figs. 50, 50a.) 


A fragmentary pygidium, to which are attached three axial thoracic somites. 
Only the axis, consisting of fourteen somites, and a few of the pleural segments are 
preserved. 

The three anterior axial rings of the pygidium are ornamented, on their median 
portion, by a single row of strong tubercles; laterally, these tubercles are smaller and 
disposed in a double row. On the other rings the tubercles are in one row on the whole 
surface, and on every third ring the central tubercle is much more prominent than those 
next to it. ‘The pleural segments are less numerous but broader than the axial rings, 
and are separated by wide and deep sulci. Hach segment is longitudinally divided by 
a well-defined furrow in two sub-equal ridges, of which the anterior one is the broader ; 
both are ornamented by a row of closely set tubercles. 

The fragments of thoracic segments are quite smooth, and are well defined. 

The specimen is too poorly preserved to permit of any suggestion as to its 


* Geol. Survey Illinois, vol. v. 1878, pl xvi. fig. 1. 
+ Geol. Survey Iowa, 1858, pl. xxiii. fig. 14. 
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relationships, but it might be mentioned that it appears to belong to an undescribed 
species bearing a certain resemblance to Brachymetopus owralicus (de Verneuil), as 
figured in Murcuison’s Russia, from which it differs, however, in the proportions 
obtaining between the divided parts of the lateral segments, and in the nature of the 
ornamentation on the three anterior axial rings. 


OSTRACODA. 


Thin sections of the limestone show that carapaces of Ostracods are common, but 
only a few could successfully be freed from the matrix. These are in excellent state of 
preservation, the finer details being well exhibited. They appear to be undistinguish- 
able from the following species :— . 


Leperditia okent (Minster). 
Borrdia curta (M‘Coy). 
Cytherella ? inflata (Minster). 


GENERAL REMARKS. 


Considering that the fossils described in this paper were found in a few fragments of 
limestone, and these from a single bed, the great variety of groups and species is really 
surprising ; representatives of most of the Lower Carboniferous invertebrate groups are 
met with, with the exception of those which are usually absent from limestone strata— 
the Cephalopods, for instance. 

So far as the evidence at hand goes, it seems probable that the bed yielding these 
fossils was deposited in comparatively clear water at some distance from land, but not 
necessarily at any great depth. The Protozoa, the Corals, the Crinoids, and the 
Brachiopods grew in the midst of conditions eminently suitable for their development ; 
it is therefore all the more remarkable that the Lamellibranchs and the Gasteropods 
should be represented by so many dwarfed individuals. At the same time, these 
dwarfing influences did not prevent the multiplication of species in the groups affected. 

As regards the stratigraphical position of the Cape Cherney limestone, the assem- 
blage as a whole points to a Lower Carboniferous age, whilst the presence of many 
typical species warrants us in assuming that the bed is probably in a series homotaxial 
with the Productus giganteus zone of Russia or Upper Visean of Western Europe. 

The collection does not contain any of the species characterising the upper divisions 
of the Carboniferous system, but at the same time not a few of the species cited in this 
paper have been recorded from horizons higher than the Visean. However, with our 
extended knowledge of the Upper Paleozoic formations, competent paleontologists have 
found it necessary to extend greatly the range attributed to some of the more common 
fossils; these forms have probably undergone certain evolutionary changes, but since 
these are often not discernible, new names have not been given to the apparently 


180 DR G. W. LEE ON 


unmodified descendants of the forms originally described from lower horizons. Through 
the kindness of Professor ‘mH. TscHeRNyscHEW, I am enabled to mention a striking 
instance of persistence in the most familiar of Lower Carboniferous fossils: he found a 
specimen of Productus guganteus in the Sprrifer mosquensis limestone of the Timan, a 
region where the Lower Carboniferous is absent and the Mosquensis zone transgresses 
on the Devonian. Vice versa, Upper Carboniferous species may have appeared earlier 
than usually supposed, and, to mention an example taken from this country, Dr 
VaucuHan cites Derbya grandis Waagen, from the top of the Carboniferous limestone 
at Loughshinny, Ireland.* 

Bearing these facts in mind, one might hesitate to assign a definite age to a limited 
collection of Carboniferous fossils ; but in the present case the evidence is very strongly 
in favour of a correlation with the Guganteus zone, since the number of species typical 
of this zone is as large as that from any bed in a typical Visean locality, not to mention 
the complete absence of typical Upper Carboniferous forms. 

In the following table I give a list of the species found in the Cape Cherney lime- 
stone, with an indication of their occurrence in the Lower Carboniferous beds of Russia 
and Western Hurope. Their occurrence in higher horizons is also indicated, but these 
data have been compiled from various sources, and needless to say no Upper Carboni- 
ferous locality is known where so many Lower Carboniferous forms would occur together. 
It must also be understood that many of the species quoted from Upper Carboniferous 
beds are probably not strictly identical with the Lower Carboniferous forms the names 
of which they bear, for the reason stated above. Had they all been described instead of 
being simply cited in lists, I should perhaps have been justified in dispensing with many 
of these comparisons. 

As regards the relation of the fauna to its distribution in space, it seems to be very 
closely allied to that of the Giganteus zone of the Urals and Central Russia, which is 
practically the same as that of Western Europe. The list of fossils described in this 
paper has many points in common with those given respectively by Messrs Tscuerny- 
scHEW, Krorow, KRAsNOPOLSKY, etc., in various monographs treating of the Carboni- 
ferous of the Urals.t 

It is true that, of the districts surveyed by these authors, the most septentrional one, 
viz. the district of Tscherdyn and Ssolikamsk described by M. Krorow, lies some ten 
degrees south of Cape Cherney ; but Professor T’scHeRNyscHEW kindly informs me that 
Productus giganteus has been found much farther north, in the basin of the river Adzva, 
a branch of the Oussa. ‘Thus, although marine Lower Carboniferous beds’ have not yet 
been proved to exist in the extreme north of the Ural range (Pai-Khoi), it appears 
probable that the Cape Cherney limestone was deposited in a sea situated in the con- 
tinuation of the Uralian geosyncline. At all events, the Lower Carboniferous sea did 
not apparently extend farther west—over the Timan—and the Cape Cherney fauna 


* Quart. Jowr. Geol. Soc., 1908, p. 446. 
+ Mém. Com. Géol. Russie, t. iii., 1889, t. vi., 1888, and t. xi., 1889. 
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shows no evidence of having inhabited an isolated basin, nor does it bear any affinities 
to the Lower Carboniferous fauna of North America. 

A still closer agreement obtains between it and the Lower Carboniferous fauna of 
the Moscow and Donetz basins* and of Western Europe, but this is obviously due to 
these regions being more accessible than the Northern Urals to exhaustive paleonto- 
logical studies. Comparison with Srruve’s list shows a striking resemblance to the 
lower portion of the Giganteus zone in the Moscow basin (‘‘ Kalkstein mit Stigmarien ”), 
but of course this may be due to nothing more than mere similarity in the conditions of 
deposition. 

In spite of the fact that Cape Cherney lies very far from the typical Lower Carboni- 
ferous districts, its fauna shows very few characters peculiar to itself. The maximum 
isolation appears to obtain in the Corals, but it is still possible that those forms which 
are new may at some future date be found in the Northern Urals.t 

The Brachiopods are closely allied to those of the typical Lower Carboniferous 
districts, and if I have ventured to establish a few new species and left others unnamed, 
the greater number of them are undistinguishable from their representatives as developed 
elsewhere. ‘The other groups are likewise represented by forms which appear to be 
remarkably cosmopolitan, and call for no special remarks. 

In the following table the sign + denotes the presence of species believed to be 
identical with those described in this paper, and cf. indicates that nearly allied or 


vicarious species are probably represented. 
* See Srruve’s list in “Schichtenfolge in den Carbonablagerungen im siidlichen Theil des moskauer Kohlen- 
beckens,” Mém. Acad. Imp. St Petersbowrg, 1886 ; and “Excursion XVI.,” by Messrs TscHERNYSCHEW and Lourovuain, 


in Guide des Excursions du VII™ Congres Géologique International, 1897. 
+ See notes by Mr R. G. CARRUTHERS. 
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TABLE SHOWING THE FAUNA OF THE CAPE CHERNEY LIMESTONE AND ITS HoRIZONTAL 
AND VERTICAL DIsTRIBUTION IN Russi AND WESTERN EUROPE. 


* A 
ws Bs g a g 2 : . 2 
3) sass BA 5S 8.2 8 ae 
2) | BS eel OR. |S?) ape alae ee 
ES BESS lies B oe | er 
gis Oe |e eees é 6 Fe | haa 
aA Az 4 A 
ae a 
Endothyra globula (Kich.) + + + ef, 
Spirillina? sp. 5 + 
* Cribrostomum” gracile Mall. af + ae 
Tetrataxis gibba Moll. + + 
Archediscus karrert Brady + + + + 
Fusulinella struvet Moll. a + + 
? Lagena sp. + 
Cenosphexra sp. a + cf, 
a tsp. b oo ef. 
Carposphera? sp. + ef. 
1 Cenellipsis sp. + Glie 
Renieria clavata Hinde q + oF 
Aulophyllum sp... + 
Lophophyllum cherneyense °P nov. + 
sp. + . 
Campophyllum car imatum sp. nov. . + 
kungurense (Stiick.) . + =P 
Careinophyllum sp. + 
Hexaphyllia m‘coyt (Dunean) + + 
Crinoid remains + 
Stenopora sp. + el Ci. 
Polypora papillata M‘Coy q + + oF af 
* Dielasma lenticulare de Kon. + + 
* gillingense (Dav.) . ; : + ef. + Gi 
Spiriferina tnsculpta (Phill.) ° pall ce fmavaline + + 
- octoplicata (J. de C. Sow. 2 + + + cf + + 
5 sp. ? + 
: laminosa M‘Coy. q + Gi 
Spirifer bisulcatus J. de C. Sow. q + ae 36 ef 
»  triradialis Phill. q + ae 
Martiniopsis? sp... SF 
Martinia sp. (ef. Sp. planata Phill.) + ef. 
- brucei sp.nov. . + 
» sp. [aff. rhomboidalis M‘ Coy] + et, 
Reticularia imbricata (J. Sow.) t ah 
Squamularia sp. a + ef ef. ef. ef 
53 ou) + cf cf. on cf 
Ambocelia uret (Flem.) q + + a 
Rhynchonellids + ef ef ef. ef. 
Athyrids + ef, cf ch ef, 
Camarospira? sp. . + 
Schuchertella crenistria (Phill. ) + + ae ci 
Orthotetid 4: cf. 
Rhipidomella michelini (L’Eveillé) . + sk an t +: 
Schizophoria resupinata (Mart.) var. + a5 ar ar 


* Tournaisian species. 
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TABLE SHOWING THE FAUNA OF THE Care CHERNEY LIMESTONE—continued. 


Cape Cherney. 


Transition Beds of 


Malewka-Murajewna 
(‘‘ Devono-Carboniferous ” 


of Central Russia). 
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Lower Carboniferous. 
Moscow and Donetz Basins 


Lower Carboniferous. 
Urals 


Lower Carboniferous 


(Visean). 
Western Europe. 


Higher Horizons. 
Arctic and Eastern 


Russia, 


Europe. 


Schizophoria sp. 
Chonetes papilionacea (Phill. ) 


Sp. 
Productus giganteus (Mart.) . : 
Fs antiquatus J. Sow. 
‘ concinnus J. Sow. 
- longispinus J. Sow. 
9 9» evar. 2. 
x coatst sp. nov. 
£ scabriculus (Mart.) 
0 cherneyensis sp. nov. 
33 elegans M‘Coy 
5 keyserlingianus de Kon. 
a spinulosus J, Sow. 


sp. [=Pr. carbonarius Sem. and 


Moll. non de Kon.] 
a nysti de Kon. 
sp. indet. . 
Palzolima simplex (Phill. va 
Aviculopecten clathratus (M‘Coy)  . 
ms planoclathratus ye! 
5 sp. indet. 
Edmondia maccoyt Hind. 
Conocardium rostratum (Mart.) 
alxforme (J. de C. Pon) 
Dentaliid 
Mourlonia levis (M‘Coy) 
Murchisonia archiaciana de Kon. 
Bellerophon hiulcus (Mart. ) 
tenwifascia J. de C. Sow. 
Straparollus dionyst de Montfort 
% ptleopsideus ( Phill.) 
Loxonema levigatum (Eich.) 
a sp. a i 
= anglicum d’Orb. 
,9 ge 
1 sp 
Turbonitella oe: ialis (Phill.) 
Portlockia lacordaireana (de Kon.) 
se parallela (Phill.) . 
Orthonychia, sp. - 
Phillipsia eichwaldi (Fischer) 
Trilobites, indet. (a) . 
(0) . : 
Leperditia okeni (Miinster) . 
Bairdia eurta (M‘Coy) 
Cytherella influta (Miinster) . 


margaritaceus Phill. [Tornquist] . 
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EXPLANATION OF PLATES. 


Puate I. 


Fig. 1. Lophophyllum cherneyense sp. nov. Transverse section of a mature example. LEpitheca entire 
except on the right hand side. x 3/2. (The orientation is incorrect, the cardinal fossula being on the right- 
hand side of the figure, instead of the upper side.) 

Fig. 2. Median vertical section of another specimen, Showing the vesicular tabule and 
dissepiments and the thickened columellar septum. x 3/2. 

Figs. 2a-2d. Serial transverse sections from the same specimen as fig. 2. Epitheca only 
complete in fig, 2a. The Lophophyllum stage, with the septa extending to the columella, is seen in 
figs. 2c and 2d. x 3/2. 

Fig. 3. Campophyllum carinatum sp. nov. Median vertical section of a mature example. The carine, 
running upwards and inwards at a steep angle, are visible over part of the dissepimental area. Epitheca 


worn away. x2. 

Fig. 3a. Transverse section cut immediately below above. The major septa show a 
maximum extension towards the centre of the corallum. The carinz are best seen in the right-hand bottom 
corner, Epitheca worn away. x 2. 

Fig. 4. Transverse section of another example, showing a minimum extension of the 
major septa towards the centre, another section from this specimen agreeing with fig. 3a. Epitheca almost 
entire. x 2. 

Fig. 5. Median vertical section of another example, showing the highly arched tabule. 
Carine visible at the right-hand top corner. LEpitheca practically entire. x 2. 

Fig. 6. A young example, showing the general external characters. x 1/1. 

Fig. 7. Lophophyllum sp. Transverse section, In the upper half the epitheca is entire. x 1/l. 

Fig. 7a. —— Median vertical section from the same specimen as above. x 1/1. 

Fig. 8. Carcinophyllum sp. Transverse section just below floor of the calyx. Epitheca preserved in 
right-hand upper corner. x 1/1. 


Fig. 8a. Median vertical section from same specimen. Epitheca just worn away, x 1/1. 
Fig. 8b, ——- —— Transverse section from younger part of same specimen, Epitheca almost entire. 
eabyih, 


Fig. 9. Hexaphyllia m‘coyi (Duncan), Median vertical section showing the thick wall (on right-hand 
side of figure) and the closely set tabule. x 1/1. 

Fig. 10. Dielasma lenticulare de Koninck. Lateral view. x 1/1. 

Fig. 10a. Ventral view of same specimen, x 1/1. 

Fig. 106, ——- —— Dorsal view of same specimen. x 2. 

Fig. 10c. ? Ventral view of a large specimen. x 1/1. 

Fig. 11. Spirtferina insculpta (Phillips), var. Dorsal view. The beak is broken. x 1/1. 

Fig. lla. Frontal view of same specimen. x 1/1. 

Fig. 116. ——- ——— Lateral view of a fragmentary pedicle-valve, showing beak. x 1/1. 

Fig. 12. Martiniopsis? (or ?Spirtfer) sp. Ventral view. x 1/1. 

Fig. 12a. Punctate surface of same, much enlarged. 

Figs, 13-13¢. Martinia brucei sp. nov, x 1/1. 

Fig. 13d. -— Surface of same, showing transverse striz, much enlarged. 

Fig. 13e. A larger specimen provisionally referred to Martinia brucei. x 1/1. 

Fig. 14. Martinia sp. a (ef. Spirifera planata Phillips]. Ventral view. x 1/1. 

Fig. 15. Martinia sp. b |aff. rhomboidalis M‘Coy]. Ventral view. x 1/L. 

Fig. 15a. Surface of same, showing longitudinal striee, much enlarged. 

Fig. 16 Rhipidomella michelini (L’Eveillé). Ventral view. x 1/1. 

Fig. 17. Schizophoria resupinata (Martin) var. x 1/1. 

Fig. 17a. Surface of same, much enlarged. 

Fig. 18. Squamularia sp. a. Ventral view of a mature specimen. x 1/1. 


‘Trans, Roy Soc. Edin™ Vol xn VAbe 


Piate I—Lre: A Carponirerous Fauna FROM NowaJa 


SEMLJA. 


A CARBONIFEROUS FAUNA FROM NOWAJA SEMLJA. 185 


Fig. 18a. Squamularia sp. a. Lateral view of same. x 1/1. 

Fig. 180. —— Dorsal view of same. x 1/l. 

Fig. 19. Squamularia sp. b. Lateral view of a mature (?) specimen. x 1/1. 

Fig. 19a. Ventral view of same. x 1/1. 

Fig. 190. — Dorsal view of same. x 2. 

Fig. 20. Athyrid. Dorsal view of circular form. x 5/2. 

Fig. 21. Dorsal view of elongate form. x 5/2. 

Fig. 22. Cumarospira? sp, Restored outline of largest specimen, slightly enlarged. 

Fig. 22a. Fragmentary pedicle-valve showing the median septum and spondylium. x 3/1. 


Fig. 220. Transverse section of a brachial valve, about 2 mm, from umbo, Showing the 
median septum and the absence of a spondylium. x 2/1. 

Fig. 22c. Transverse section of a pedicle valve, about 3mm. from umbo. x 6/5. 

Fig. 22d. ——- —— Transverse section of another pedicle valve, near frontal margin. x 11/7. 


Prats II. 


Fig, 23. Orthotetid, indet. Pedicle-valve. x1/l. 

Fig. 23a. A brachial valve referred to the same species, x 1/1. 

Fig. 24. Schizophoria sp. Slightly oblique view of a decorticated brachial valve showing the general 
appearance of the muscle-scar, x 1/1. 

Fig. 24a, —— Isolated pedicle-valve. x1/1. 

Fig. 240. Outline of a complete specimen, x 1/1. 

Fig. 25. Chonetes papilionacea (Phillips). Brachial valve. 1/1. 

Fig. 26. Chonetes sp. Coarse-ribbed form. Pedicle-valve. x 1/1. 

Fig. 26a, —— The same, enlarged. x 2/1. 

Fig. 27. Chonetes sp. Smooth-ribbed form, External view of a pedicle-valve. x 1/1. 

Fig. 27a. Internal view of another pedicle-valve. x 1/1. 

Fig. 28. Chonetes sp. Dorsal view of a specimen, showing the ribbing characteristic of Chonetes cf. 
erassistria [Vaughan]. x 1/1. 

Fig. 28a. The same, enlarged. x 2/1. 

Fig. 29. Productus cf. margaritaceus (Phillips). x 1/1. 

Fig. 30. Productus spinulosus J. Sowerby. Fragmentary pedicle-valve. x 1/1. 

Fig. 31. Productus longispinus J. Sowerby. Slightly lobate form. x 1/1. 

Fig. 32. var.? Lateral view of a pedicle-valve belonging to the globose and fine-ribbed 
form, x1/1. 

Fig. 33. Productus concinnus J. Sowerby. Brachial valve (partly as a mould). x1/l. 

Fig. 34. Productus (Proboscidella) nysti de Koninck. Ventral view. x 1/1. 

Fig. 34a. Outline of same specimen, showing part of the brachial valve in apposition. 


Fig. 35, Productus coatsi sp. nov. The specimen is slightly distorted. x 1/1. 

Fig. 35a, Outline of another specimen. x 1/I1. 

Fig. 36. Productus keyserlingianus de Koninck, var. (The ornamentation has been completed from 
another specimen.) x 1/1. 

Fig. 36a. Outline of the same. x1/1. 

Fig. 37. Productus cherneyensis sp. nov. x1/l1. 


Fig. 37a. Outline of the same. x 1/1. 
Fig. 375. ——- —— A small specimen probably representing the juvenile stage of Productus cherneyensis. 
x 12/5. 


Fig. 38. Productus elegans M‘Coy. x1/1. 

Fig. 38a. A young example. x 1/1. 
Fig. 380. —— The same, enlarged. x 2/I1. 
Fig. 39. Orthonychia sp. Dorsal view. x 1/1. 
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Fig. 39a. Orthonychia sp. Lateral view of the same specimen, enlarged. x 2/1, 
Fig. 40. Conocardium rostratum (Martin), x 2/1. 

Fig. 41. Conocardium alzforme (J. de C. Sowerby). x 1/1. 

Fig. 41a. Posterior view of the same. x 1/1. . 

Fig. 42. Murchisonia aff. archiaciana de Koninck. x 7/4. 

Fig. 43. Loxonema sp. b. x 5/2. 

Figs. 44-446. Mourlonia levis (M‘Coy). x 8/5. 

Fig. 45. Paleolima att. simplex (Phillips), x 2/1. 

Fig. 46. Loxonema levigatum (Eichwald). x 12/7. 

Fig. 47. Turbonitella biserialis (Phillips). Mature example. x 8/5. 

Fig. 47a. —— A young example, showing the “‘semdsuleatus” stage. x 5/3. 
Fig. 48. Loxonema sp. a. Outline. x 3/2. 

Fig. 48a. —— Mature whorl. x 3/1. 

Fig. 49. Lowonema? sp. [Macrocheilina?]. x 6/1. 

Fig. 50, Pygidium of undetermined trilobite. x 8/3. 

Fig. 50a. —— A segment of the same. x 3/1. 
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VIII.—Scottish National Antarctic Expedition: Osteology of Antarctic Seals. By 
Robert B. Thomson, M.B., Ch.B., University of Edinburgh. (With One Plate.) 


(MS. received April 26, 1909. Read July 4, 1909. Issued separately October 12, 1909.) 


Through the courtesy of Dr W. S. Brucn, the leader of the Scottish National 
Antarctic Expedition, and of the late Professor D. J. Cunnincuam, the skeletons of the 
seals collected in the Antarctic during the voyage of the Scotva have been placed in my 
hands for study, and I wish to express my gratitude to these gentlemen for their great 
kindness in placing all the necessary requirements at my disposal. I also wish to state 
that Dr Bruce has given to the Museum of the University of Edinburgh a choice of 
the various skeletons, which, together with the specimens already obtained, will form 
a comprehensive and almost unique collection of the Antarctic seals. 

The seals obtained during the stay of the Scotia in the Antarctic seas numbered 
forty-four, and embrace all the Phocide found there, with the exception of the 
elephant seal. Of the forty-four, thirty-four are Weddell seals (Leptonychotes 
Weddelli); four are saw-toothed seals (Ogmorrhinus or Lobodon carcinophaga) ; 
three are leopard seals (Stenorhyncus leptonyx); one is a sea-lion (Otaria Jubata) ; 
while two are Ross seals (Ommatophoca Rossi). 

A most careful account of date of capture, sex, probable age, full measurements, and 
weight was recorded in a special log-book. In some cases the skeletons were cleaned 
by immersing the carcases beneath the ice, when amphipods and cushion-starfish did 
the work ; in other cases the carcases were conveyed in special tanks and cleaned after 
their arrival home. 

The osteology of the more common species of the Phocide represented in this collec- 
tion, such as the Weddell seal, saw-tooth seal, sea-lion, and leopard seal, appears to have 
been pretty fully worked up, and especially so in a minute and careful description by 
Principal Sir Witt1am Turner; for the present, therefore, the endeavour of this work is 
to present a detailed description of the Ross seal, as I have not been able to find such 
of the skeleton of this species, with the exception of the skull. In the second place, I 
purpose making a summary of the large collection of other seals with regard to such 
points as dentition and vertebral formula, since the collection is large enough to obtain 
a satisfactory average. 


Ross Seat (Ommatophoca Ross). 


The first specimen of Ommatophoca was obtained by Sir James Ross in 1840, in 
the pack-ice in the Ross Sea, and is now preserved in the British Museum as the 
type-specimen. I am indebted to the authorities of the British Museum and to 


Dr O. Tuomas for the privilege of examining this specimen for purposes of com- 
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parison. Unfortunately, it is not a complete skeleton: both fore-limbs with the 
exception of one scapula, both hind-feet, one dorsal vertebra, and two pieces of sternum 
are awanting. A description of the skull was made by Dr J. E. Grey in 1844. For 
over fifty years it remained the sole representative of its race in natural history 
collections, as not till 1899 was the Ross seal again captured by the Belgian Expedi- 
tion (1898-9). Since then numerous specimens have been obtained and the skins 
and crania brought home by the Southern Cross (1898-1900), Discovery (1901-4), 
Morning (1902-4) ; while the Scotca captured two specimens—a male and a female, of 
which the male skeleton is complete with the exception of two segments of the sternum 
and one patella. The female skull has been unfortunately damaged, the occipital 
region being wanting ; but a perfect set of teeth, of so much importance in Ommatophoca, 
is preserved. Further, the whole respiratory apparatus of the male Ross seal has been 
brought home, and is of great interest—as the voice of this animal, which has been 
described by Dr Racovirza, with the peculiar inflation of the pharynx, has attracted 
the notice of, and been recorded by, most Antarctic explorers. 

The method of describing the skeletons is that adopted by Sir Witt1am TurRNER 
in Challenger Reports, and I wish to express my appreciation of its arrangement and 


carefulness. 
Surface Measurements (from Log-Book). 


No. 2. No. 43. 

Date of Capture—6th February 1903. 28th February 1904. 
Sex—Female. Male. 
Age—Adult. Adult. 
Length— 

Nose to tip of tail, 90”. 89°5”. 
Girth— 

Anterior or neck, 41”. 38:5”, 

Axillary, 52”. 55°5”. 


Greatest (9 ins. behind axillary), 54”. 


Tail, 5", 
Fore flippers— 


(12 ins. behind axillary), 56:5”. 


Outer edge, 16”, 2% 
Base, 83”. 
Hind flipper— 
Outer edge, 16”. 18-4”, 
Inner edge, 143”. RS ire 
Stretch, 25”. 24", 
Base, 10°7”. 1S he 
Hye, 14”x 1". 14x 8". 
Interorbital space, 6”. 6:5”. 
Total weight, 450-500 Ibs. 400 lbs. 


Remarks. 


Intestines of No. 43 measured from pyloric end of stomach to anus 268”. Cuttlefish 
beaks, pieces of cuttlefish, and what appeared to be scales of fish were found in the 
stomach. A great quantity of tape-worms were present in the gut. 
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No. 43 or CoLuection (Mate). 


The skull is characteristically short and broad. The greatest length was from 
premaxilla to the occipital condyles, whilst the greatest breadth was between the two 
zygomatic arches, just at the articulation between its two component parts—the zygo- 
matic process of the temporal and the malar bones. 

A comparison of this skull was made with those of an adult Weddell and sea-leopard 
in regard to length and breadth—an index being framed. Thus, the length-breadth 
index of the Ross skull was 72°4; of the Weddell skull, 62°18 ; of the leopard seal, 55:07. 
The nasals measured 79 mm. long, and were completely ankylosed. They articulated 
with the frontal and superior maxillary bones. The part between the two frontals 
amounted to about three-quarters of the entire length of the bones (57 mm.), and was 
triangular in form, while the remaining quarter between the two superior maxillary bones 
was quadrilateral. 

The distance between anterior edge of the outer border of the nasals and the tip of 
premaxilla was 18 mm., the superior maxilla thus forming to this extent part of the 
outer boundaries of the anterior nares. ‘The length of the section of the boundary 
formed by one of these bones varies in the different specimens from 9 to 17 millimetres” 
(Barrett Hamitton, Pésultats du Voyage du S.Y. “ Belgica,” 1897-1899, p. 5). 
The anterior nares sloped downwards and forwards at an angle of 59° with the hard 
palate. In Weddell seal this angle was 48°, in leopard seal 35°. 

The anterior nares were bounded from above downwards by the anterior border of 
the nasal bones, part of nasal borders of superior maxilla, and by the premaxillary bones. 
Looking into the anterior nares, one was struck with two points—the thickness of the 
meso-ethmoid, and the extremely convoluted arrangement of the turbinate bones. The 
anterior edge of the vomer was received between the meso-ethmoid and the premaxillary 
bones. The premaxillary bones supported the two incisor teeth ; their palatal parts were 
triangular in form, and, as before mentioned, their nasal parts did not extend so high as to 
meet the nasal bones. The ante-orbital process of the superior maxilla was well marked, 
and lay in the same transverse plane as the infra-orbital foramen, below which is a 
definite depression from which a groove leads to the orbital floor. The widest part of 
the hard palate was situated well behind the last molar, and was 7 mm. in front of outer 
end of articulation of palatal processes of the superior maxilla and palate bone. It was 
almost flat, showing only a trace of a concavity. The posterior border of the hard 
palate was concave, and possessed a faint post-nasal spine. On the norma verticalis of 
the skull, at the junction of the frontal bones, z.c. at the seat of the anterior fontanelle 
in the young, is situated an opening between the bones. Its margins are irregular and 
spiculated (see fig. 1). As there is no history of an injury, the animal not being 
clubbed, but shot in the thorax, it appears to me to be a persistent anterior fontanelle. 
In the female Ross seal this condition is only faintly represented, but in the plate of 
the Ross seal of the Belgian Expedition a similar well-marked deficiency is to be 
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observed. The occipital bone presented occipital crests which were well marked, as also 
were the par-occipital processes. Two well-marked supra-occipital venous foramina 
were to be noticed in the middle line of the occipital squama. ‘The condylar articular 
surfaces were highly convex and approached close to each other on the inferior aspect 
(7 mm.) ; above, they were distant 41 mm. 

The basi-occipital was quadrilateral in form, flat and thick. The tympanic bulla 
was smooth and rounded. The carotid canal was separated from the jugular foramen 
by a thick bar of bone. In the interior of the skull the tentorium cerebelli and falx 
cerebri were partly ossified. 

In the female skull the nasal bones were not ankylosed, and measured 55 mm. long. 
The distance between the anterior edge of the nasals and the premaxilla was 20 mm. on 
right side, 18 mm. on left. 


The Lower Jaw. 


The body was long and somewhat slender, due to small size of teeth, with lower 
border slightly incurved. The ramus formed with the body a moderate angle and 
possessed a well-marked sub-condyloid process. The condyle, which was convex and 
elongated transversely, was separated from the coronoid process by a shallow sigmoid 
notch. The coronoid process was short and pointed. 


Dentition. 


The dentition of the Ross seal is remarkably feeble, and varies more especially with 
regard to the number of post-canines. Dr E. A. Wixson, in vol. il. of Natural History 
of National Antarctic Expedition, 1907, states: “The food of the Ross seal consists 
mainly of soft-bodied cephalopods, and to this end has developed the incisors and canines 
into needle-pointed recurved hooks of great delicacy and has allowed its post-canines to 
degenerate. The gums presumably can manipulate such food as well as could molar 
teeth, and so we find in some cases the post-canines are small and insignificant, whereas 
in others they are loose and useless, and occasionally absent altogether.” He also gives a 
complete table of the dentition of all the Ross crania which have been brought home, 
and which shows the great variations one meets in the dental formula. ‘To this list I 
would add the formulz of the two specimens of the Scotia :-— 


2.1.5 
No. 2. Femal : 
) “emale, 21-5 
2s B 
. 43, 
No. 43. Male, ST 1-51 


No. 2 skull presents for examination a perfect set of teeth, both upper and lower. 
The upper incisors are more powerful than the lower, but both present, like the canines, 
the well-marked recurved, needle-pointed character. The post-canines are recurved 
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backwards and three-cusped, the central one being longest. In all but the first the 
post-canines were double-rooted. 

In No. 43 the teeth are not so well developed, and in the upper jaw the left outer 
incisor and canine are broken. The dentition is not quite easily made out. There is 
no fifth post-canine, but small sockets are to be observed; hence we may presume that 
they were present, having been partly fixed in the natural state by the fleshy gum, a 
condition pointed out by WEBER, Bennet, and Wixson (National Antarctic Kaxpedition : 
Natural History, vol. ii. p. 46). 

Again, in the lower jaw no central incisor is present, but the two halves of the jaw 
have been disarticulated. On placing the two halves together, it would seem that no 
room at all is left for central incisors. A comparison of the measurements of the two 
lower and upper jaws between outer side of canines shows :— 


No. 2. Upper diameter, 44 mm. 


Lower _ 30 ,, 
No. 43. Upper diameter, 48 _,, 
Lower - 20055 


In No. 2, which has not been disarticulated, there is a fair amount of fibrous tissue, 
so it is possible to explain the difference in diameters by the absence of this. Hence, 
with the fibrous tissue in place in No. 43, room would be made for central incisors. 

Against this may be stated the fact that the upper central incisors are very feeble, 
and, as the whole of the upper teeth are stronger than the lower, it is posetnte that the 
lower central incisors may not have developed. 


Measurements of Skulls. 


Ross Seal, | Ross Seal, Weddell Leopard 
No. 43. No. 2. Seal. Seal. 
mm. mm. mm. mm, 
Extreme condylo-premaxillary length . ; ; 250 x 272 394 
| re inter-zygomatic width . c 181 aR 169 217 
se width behind external meatus : : 167 a: 177 198 
Greatest width of palate. 76 Ti 58 90 
Width between outer side of base of upper canines 48 44 52 75 
- lower canines 26 30 30 50 
Length of palate i a line of suture to central incisor gl 82 105 157 
Height of skull—basion to mid-occipital crest : 83 ade 84 110 
Smallest interfrontal diameter . : : : 45 49 30 45 
Length of nasals . ‘ : ; : : ; 79 55 61 103 
Greatest width, anterior nares. ; 43 34 36 44 
Length of mandible. : : : 168 170 cial 301 
Width between outer end of condyle ; : : 182 168 57 205 


The vertebral formula was :— 
C, Dy; L; Sy Cadi: 
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Cervical Vertebre. 


The bodies of the posterior six cervical vertebrae were keeled on their ventral aspect, 
the keel being more pronounced in the anterior than in the posterior series. On con- 
trasting the bodies of the Ross seal with those of the Weddell and leopard seal, a 
great difference was noticed with regard to their length and breadth. If the 4th 
cervical be taken as a typical vertebra, we find the length index of the body to be :— 


In the Ross seal—Length 33 48x 100 


= Index 145°4. 
Breadth 48 33 
In leopard seal—Length 51 47x 100_Figex 99-16, 
Breadth 47 51 
In Weddell seal—Length 38 index 100. 
Breadth 38 


If these indices be compared with the length-breadth index of the skull, one is 
justified in saying that the short and broad character of the Ross skull can also be 
applied to the bodies of the vertebrae. The neural ring was triangular. A depth- 
breadth index shows much the same difference as the bodies in the three species 
contrasted. In the Ross seal, the index was 35:1; in Weddell seal, 54°5; and in the 
leopard seal, 50. 

The transverse processes in all except the 7th were perforated at their roots by a 
vertebraterial foramen, and possessed at their extremities well-marked tubercles in all 
except the 2nd and 7th. The spinous processes exhibited a marked difference in the 
various vertebre. ‘Thus the axis possessed a massive spine with four well-marked 
tubercles—two anteriorly and two posteriorly. ‘lhe 7th had a well-marked spine, not 
bifid; the 3rd and 4th had only a trace of a spine, while the 1st possessed a well-marked 
tubercle representing a spine. The 5th and 6th presented fairly prominent spines, bifid 
—a character not shown by either the Weddell or leopard seals. The type-specimen 
in the British Museum also exhibits this character. The anterior articular processes 
looked upwards and inwards, the posterior downwards and slightly forwards. 

The atlas has powerful lateral masses supporting anteriorly deeply concave articular 
surfaces for occipital condyles, while the posterior articular facets for the axis were flat. 
The transverse processes were plate-like, and projected outwards and downwards. The 
lamina was perforated on each side by a foramen for the vertebral artery, which foramen 
was situated internal to the upper ends of the articular facets for the occipital condyles. 

The axis did not present so well-marked an odontoid process as either the Weddell 
or leopard seal. On the inferior aspect of the odontoid process was a triangular facet 
for articulation with the atlas, whilst superiorly it had a small oval facet for articulation 
with the transverse ligament. The transverse processes were feeble and pointed, whilst 
their superior roots were mere spicules of bone. The ventral aspect of the body was 


markedly keeled. 
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Dorsal Vertebre. 


The bodies of the anterior four were keeled, the keel becoming less pronounced as 
we proceeded from 1 to 4. At the posterior end of the dorsal region, 14 and 15 pre- 
sented a slight keel, more accentuated in 15 than in 14. ‘The side of the 1st body had 
one and a half facets; 2 to 10 inclusive (two half-facets, 11 to 14 inclusive) a whole facet 
for the corresponding ribs. The 15th dorsal vertebra showed a peculiar arrangement; thus, 
on the right side of its body a well-marked facet was present for articulation with the 15th 
rib of that side, while on the left a well-marked plate-like costal process, representing 
the last rib, projected from the junction of the body and pedicle outwards, forwards, and 
slightly downwards. It measures 42 mm. in length and 25 mm. in breadth. (See 
tig) 5.) 

The spines of the dorsal vertebrze were relatively feeble compared with those of the 
Weddell and leopard seals. They were low, and projected upwards and backwards as 
far as No. 11; while 12, 13, 14, 15 projected upwards. 

The transverse processes of 1 to 10 were prominent and presented rounded facets for 
articulation with the tubercles of the ribs. In 11, 12, and 13 the transverse processes 
were feeble but possessed facets. In 14 and right side of 15 they were rudimentary 
and non-articular, while the character of the transverse process of left side of 15 has 
already been noticed. From 9 to 15 the mammillary processes were well defined, while 
accessory processes were faintly marked in 9 to 14. 


Lumbar Vertebre and Sacrum. 


Each body of the lumbar vertebrae was elongated antero-posteriorly and was keeled 
on its ventral aspect. The spines were broad and more pronounced than in either the 
Weddell or leopard seals. The mammillary processes were rounded and directed 
forwards and outwards. The transverse processes were thin and flat, and curved out- 
wards, forwards, and downwards. The sacrum was composed of three segments fused 
together. The ventral surface in its anterior part was broad and flat, with a faint keel, 
while its posterior part, corresponding to the 2nd and 3rd segments, was protuberant 
in the centre, concave laterally, where it presented the openings of the two anterior 
sacral foramina. The posterior surface showed mesially three spimous processes, while 
the laminz of the three segments were only fused laterally. The fused articular 
processes were prominent at the junction of 8, and S,, less so at S, and 8,. The 
direction of the 1st posterior sacral foramen was horizontally outwards, in the 2nd and 
3rd upwards and only slightly outwards. Laterally the sacrum presented a definite 
‘U-shaped articular surface for ilium, while the interval between the two limbs of the 
U and the area posterior to it were hollow for ligamentous attachment. The articular 
surface for the ilium was confined entirely to the first sacral segment. 


194. MR ROBERT B. THOMSON: SCOTTISH NATIONAL ANTARCTIC EXPEDITION : 


Sacral Indea. 


Ross seal : 4 : : ; 108 
Weddell seal . é 3 : 5 102°9 
Leopard seal . : : : : 114°8 


The caudal vertebrae were ten in number. The posterior six were represented by 
elongated bodies alone—the last being cartilaginous. The 1st possessed, in addition to 
the body, a definite neural arch terminating above in a rudimentary spinous process. 
The lamine in the 2nd did not unite superiorly, so that the neural groove was not con- 
verted into an arch. ‘The third possessed on each side of its body rudimentary lamine. 
The bodies of the first four caudal vertebrae were keeled on their ventral aspect. The 
sternum was incomplete, two segments being awanting. ‘Their articulations could not 
be made out definitely, so I refrain from describing them. 


Ribs. 


The ribs were fifteen in number on the right side and fourteen on the left, this anomaly 
being explained in connection with the thoracic vertebre. The Ist, 12th, 13th, 14th, 
and 15th ribs possessed a single facet each on their heads for articulation with the 
corresponding vertebree. ‘lhe 2nd to 11th inclusive possessed two facets separated by 
a distinct ridge. The Ist to 12th ribs inclusive possessed well-defined necks, while the 
1st to 13th showed an oval concavo-convex facet for articulation with the corresponding 
transverse processes. In the anterior series of ribs was a slight depression, in some a 
roughness, on each side of the articular surface of the head, for attachment of ligamentum 
conjugale costarum described by Sir Witi1am Turner (Challenger Reports, vol. xxvi., 
Report on Seals, p. 14). The shafts of the ribs were slightly curved, the most pro- 
nounced curvatures being observed in the 2nd, 3rd, and 4th, while the greatest in 
length were the 8th and 9th. The last rib on the right side possessed a head with an 
articular facet, no neck, and a feeble shaft. Its length was 127 mm. 


The Fore-Limb. 


The scapula presented the well-marked sickle shape so characteristic in the Phocidee. 
The anterior and superior or vertebral borders were convex and thin, the inferior or axil- 
lary was concave and rounded. On the axillary border at junction of lower and middle 
thirds in the Weddell and leopard seals was a prominent ridge for muscular attachment. 
No such ridge was present in the Ross scapule. ‘The dorsum scapule was divided into 
a pre-spinous and post-spinous area by a feeble spine. This spine was relatively longer 
than in the Weddell and leopard seals, but not so well developed. The pre-spinous area 
was concavo-convex, the post-spinous was flat. There was no acromion process, but in 
the Weddell and leopard seals this was present although feeble. ‘The coracoid process 
was rudimentary and projected forwards, measuring from the bottom of the shallow 
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notch at its base 18 mm. The ventral surface showed a slight subscapular angle cor- 
responding in position to the attachment of the spinous process on the dorsal surface. 
Two faint muscular ridges were present, directed towards the glenoid fossa. The 
glenoid fossa was pear-shaped, deeply concave, with a prominent margin. 


Index. 


Ross seal : . ‘ ; F 85 
Weddell seal . : 3 3 F 82°14 


In the leopard seal the epiphysis of the posterior angle was wanting, hence the 
index could not be ascertained. 

The humerus measured 115 mm. long. The head was convex, and its articular 
surface was continued forwards on to the base of the lesser tuberosity, which was 
equally as prominent as the greater one. The shaft was slightly twisted, and pre- 
sented a strongly marked deltoid ridge. The bicipital groove was in the form of a 
shallow groove. The lower end presented a well-marked trochlea for the ulna, a slight 
coronoid fossa, but no radial or olecranon fossee. The capitellum was circular and 
convex. The internal condyle was more pronounced that the external, the external 
supra-condyloid ridge more so than the internal, which did not possess a supra- 
condyloid foramen or even a process. 


Bones of Forearm. 


In neither were the distal epiphyses fused with the shaft. The ulna measured 
152 mm. and was expanded above from before backwards so as to form a long but 
narrow olecranon process. A coronoid process was not present. The articular surface 
for humerus was concavo-convex, while the facet for radius above was flat and con- 
tinuous with that for the humerus. The shaft was flat, with a rounded anterior border 
and a sharp posterior border. The lower end was conical and articulated with radius 
slightly, and with cuneiform and pisiform. The radius was 135 mm. long. The head 
possessed a deep cup-shaped cavity for articulation with the capitellum of humerus, 
while the margin of the head was non-articular except on its inner side, where there 
was a well-marked facet for articulation with the ulna. On the neck a faint tubercle 
was noticed, while the shaft was paddle-shaped, with a definite roughness on its outer 
aspect for pronator radii teres. The lower end was grooved on its posterior aspect, and 
articulated with the ulna and scapholunar. 


Humero-Radial Index. 


Length of radius x 100 
Length of humerus 


Ross Seal. Sea Leopard. Weddell Seal. 
117-4 107°1 98-1 
TRANS. ROY. SOC. EDIN., VOL. XLVII. PART I. (NO. 8). 29 
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Carpal Bones. 

These were seven in number, the scaphoid and semilunar being fused together to 
form a single bone. The carpal bones were devoid of ridges or processes. The articu- 
lations were dificult to make out, but I have referred these as follows :— 

The scapholunar articulated with radius, trapezium, trapezoid, os magnum, and 
unciform. 

The cuneiform articulated with the ulna, pisiform, and unciform. 

The pisiform was a mere nodule, and articulated with the cuneiform and ulna. 

The trapezium articulated with scapholunar, trapezoid, and 1st and 2nd metacarpals. 

The trapezoid articulated with scapholunar, trapezium, os magnum, and 2nd meta- 
carpals, 

The os magnum was small, and articulated with the 2nd, 3rd, and 4th metacarpals, 
and with the trapezoid, scapholunar, and unciform. 

The unciform articulated with the scapholunar, cuneiform, and os magnum, and with 
the 4th and 5th metacarpals. 


Metacarpal Bones. 


The 1st metacarpal was the longest, and possessed both a proximal and a distal 
epiphysis not united with the shaft. The 2nd was longer than the 3rd, 4th, or 5th, 
which were of about equal length, and the epiphysis for the head of each was separate 
from the shaft. 

The Hind-Inmb. 


The innominate bone, measuring in length 215 mm., consisted of three parts—ilium, 
ischium, and pubis. The ilium was short and stunted. The ischium and pubis were 
long, somewhat narrow, and enclosed between them a very large obturator foramen— 
larger indeed than the ilium itself. 

The acetabulum was circular in form, entirely articular except an elongated, hollow 
area at the bottom with a definite margin. The brim of the acetabulum was deficient 
in its lower aspect, thus forming a cotyloid notch. The ilium measured from centre 
of acetabulum to the highest part of the iliac crest 74 mm. The length of its crest was 
102 mm. Its dorsal and ventral aspects were flattened and did not possess any definite 
muscular ridges. At the posterior part of the ventral surface was a U-shaped articular 
surface for that part of sacrum corresponding to its first segment, while there was a 
roughened area for the attachment of the posterior sacro-iliac ligament. 

The os pubis projected backwards and slightly downwards from the acetabulum, 
and its junction with the ilium was marked by a prominent pectineal eminence. From 
this tubercle to the symphysis, which was small, the pubis measured 130 mm. 

The ischium passed backwards and slightly upwards from the acetabulum, and 
possessed a pointed spine. 

The femur measured 114 mm. long. The head was entirely articular except in its 
postero-superior quadrant, where there was a non-articular area continuous with the 
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non-articular neck for attachment of the ligamentum teres. Dr Kerrru, in Human 
Embryology and Morphology, p. 385, states: “The ligamentum teres is isolated 
from the capsule by the development of the head of the femur, which expands as a wing 
on each side of the ligamentum teres, and by fusion of the wings isolates it from the 
capsule.” In the Ross seal femur the wings have not yet met; hence, according to 
KerrH’s view, the ligamentum teres would still be in connection with the capsule. (See 
fig. 6.) 

The trochanter major was a broad, rough prominence projecting from the outer side of 
the junction of the neck of the bone with the shaft. There was no trace of a trochanter 
minor, as is to be found in Otaria Jubata; neither was there a third trochanter. 

The shaft, flat and expanded, possessed an anterior and a posterior surface, both 
being very slightly rounded and devoid of muscular ridges. The outer border was 
short and concave, the inner convex and very rough for muscular attachment. 

At the posterior end of the bone, the trochlear surface for the patella was flattened 
and ascended as high on its outer as on the inner side. It was quite distinct from the 
condylar surface, but closely approximated to the external one, being separated by a 
very narrow groove. 

The internal condylar surface was flat and circular, the outer one oval and slightly 
convex. 

The intercondyloid fossa was shallow. 

The patella was 34 mm. long and 24°5 mm. broad. It was oval in form, and its 
articular surface was slightly concave, and did not exhibit any subdivision into special 
articular areas. Its anterior end was much thicker than the posterior. 

The tibia and fibula were fused together at their upper ends. The tibia measured 
247°5 mm. Its upper end was elongated transversely and possessed two articular areas 
for the condyles of the femur, separated by a rough intermediate area. The shaft was 
slightly curved, flat and smooth on its ventral aspect, deeply concave on its dorsal 
aspect for origin of the tibialis posticus muscle. The nutrient foramen was a large one. 
The inner border was broad and rough, the outer one thin and rounded. The lower end 
was not united with the shaft, and from it projected a slight malleolus, which was non- 
articular. The ventral and dorsal aspects of the lower end were deeply grooved, while 
the articular area for astragalus was reniform and concave. 

The fibula was 233 mm. in length. The upper end was fused with the tibia, whilst 
the lower end was grooved on the outer side by the peroneal tendons, and had on its 
inner aspect an oval facet for outer surface of astragalus. The shaft was straight, 
and its surface broad for muscular origins. The lower epiphysis was not united to 
the shaft. 


Tilia- Femoral Index. 
Length of tibia x 100 
Length of femur 
Ross Seal. Weddell Seal. Leopard Seal. 
217-1 203°9 213°5 
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Tarsal Bones. 


The astragalus was the largest of the tarsal bones. It consisted of a body and two 
large processes. ‘The posterior process projected backwards beyond the hinder end of 
os calcis, and presented a well-marked groove on its under aspect. Its anterior process 
or head passed as far forward as did the os calcis, and articulated with the scaphoid, 
cuboid, and fore-part of os calcis. The superior surface of the body presented a quadri- 
lateral convex surface for articulation with the lower end of tibia, continuous externally 
with a triangular facet for fibula. Its internal surface did not articulate with the 
internal malleolus. The inferior surface articulated with os calcis and presented a deep 
groove for an interosseous ligament. 

The os calcis possessed an attenuated posterior or peroneal process, and a feeble 
internal or sustentacular one. It articulated with the astragalus and fibula above, with 
the cuboid in front, and was grooved on its outer aspect by the peroneal tendons. 

The cuboid presented on its inferior aspect a well-marked plantar tubercle and a 
deep peroneal groove. It articulated with the os calcis, astragalus, scaphoid, external 
cuneiform, and 4th and 5th metatarsal bones. 

The scaphoid articulated with the astragalus, cuboid, and the three cuneiforms. Its 
posterior surface was not entirely concave, being convex in its outer part. 

The internal cuneiform articulated with the scaphoid, middle cuneiform, and 1st and 
2nd metatarsals. 

The middle cuneiform was the smallest of the three, and was completely shut out of 
the plantar aspect of the foot. It articulated with the cuneiform on either side of it, 
with scaphoid behind and 2nd metatarsal in front. 

The external cuneiform articulated with the scaphoid, cuboid, 2nd and 8rd 
metatarsals, 


Metatarsal Bones. 


The 1st was the longest, the 5th next in order, then 4th, 2nd, and 3rd, which was 
the shortest. 

None of the epiphyses were fused with the shafts. The base of the 2nd showed the 
characteristic hook-shaped base. 

The articulations of their bases were as follows :— 


lst with internal cuneiform and 2nd metatarsal, 
2nd with the three cuneiforms 1st and 3rd metatarsal, 


3rd with external cuneiform 2nd and 4th + 
4th with cuboid 3rd and 5th bs 
5th with cuboid 4th 


9 


while its base projected outwards as an elongated process. 


The terminal phalanges of both fore and hind limbs were retained in connection with 
the skins. 
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Summary. 


The skulls correspond in their distinguishing characters from other Antarctic seals 
to those tabulated by Sir Wituiam Turner in the Challenger Reports (Voyage of 
“Challenger,” Reports on Seals, p. 66). 

With regard to the rest of the skeleton, one specimen alone does not provide 
altogether sufficient evidence ; still, I note the following points which may be of interest 
on further skeletons being ware home and examined :— 

1. Much greater length-breadth index of vertebree. 

2. Bifid character of 5th and 6th cervical spines, also present in type-specimen in 

British Museum. 
. Sacral index. 
. Scapular index. 
. Humero-radial index. 
. Non-articular area for ligamentum teres on head of femur continuous with non- 


a oP CO 


articular neck. 
7. Tibio-femoral index. 


NuMBER OF VERTEBRA IN PHOCID. 


In the Résultats du Voyage du S.Y. “ Belgica”: Zoologie, p. 7, Mr Barrer 
HamitTon states that in most seals the numbers of the thoracic and lumbar vertebrae 
appear to be usually 15 and 3 (57), more rarely 14 and 6. In the Antarctic seals 
without exception I have found the vertebral formula in the adult to be C, D,, L, 
Ss Cdj OF 43- 

With a view to obtaining as large a number of specimens as possible, in order to 
form an average, I have made a careful examination of the seal skeletons in the 
University Museum here, the Museum of Science and Art of Edinburgh, British 
Museum of London, and give a table of the vertebral formula in 47 specimens :— 


Weddell seal: 27 with formula C, D,, L,; 8, Cd, or 4,. 
Crab-eating seal: 2 with formula C, D,, L, 8, Cd, 
Sea-leopard : 2 with formula C, D,, L, 8, Cd4o. 

ie ee i Ora lg Cane 
Ross’ seal: 1 with formula C, D,, L, S, Cd, . 
Sea-lion : 2 with formula C, D,, L; 8, Cd, 
Fur seal: 1 at C, D,, Ly S, Cd,,. 
Crested seal: 1 at C, D,; L, 8, Cdjo. 
Common seal: 2 at C, D,, L; 8, Cd,,. 
Elephant seal: 1 at C, Dy, L; 8, Cdjp. 
New Zealand fur seal: 1 at C, D,, L, 8, Cd,p. 
West Indian seal: 1 at C, D,,; L; 8, Cd,,. 
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Grey seal: 1 at C, D,, L, 8, Cdjp. 

Bearded seal: 1 at C, D,x L; 8, Cd,,. 

Northern fur seal: 1 at C, D,, L; 8, Cd,o. 

Altogether 46 specimens with formula of C, D,, L, 8, Cd,, to 45. 
One specimen with formula of C, D,, L, 8, Cd,,. 


The number of caudal vertebrae seems to vary from 10 to 12, while in some 
cases one could not be positive, as frequently the terminal vertebre are preserved 
in the skins. 


SuprA-ConpyLoip FoRAMEN. 


With a view to the formation of a percentage of such foramina found in the humeri 
of the Phocide, I have examined altogether 100 humeri, made up as follows :— 


60 Weddell seals. 

4 crab-eating seals. 

6 leopard seals. 

4 sea-lions. 

2 Ross seals. 

4 elephant seals. 
South American fur seals. 
New Zealand fur seals. 
West Indian seals. 
common seals. 
North American fur seals. 


Nownwvye we 


Total, 92 


In these 92 no foramen was present, but in 4 Weddell humeri there were small 
supra-condyloid processes. 
In the following 8 humeri, supra-condyloid foramina were present :— 


2 grey seals. 

2 bearded seals. 
2 crested seals. 

2 common seals. 


Total, 8 
thus giving a percentage of 8. 
SumMMaRY oF DENTITION. 


As the dentition of the Phocide is of some importance, especially with regard to 
variation, | have formed a table of the dentition of the seals under my observation. I 4 
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have also examined the crania of the seals in the University Museum of Science and 
Arts, Edinburgh, and include such in the following list :— 


Weddell seal: 21 specimens with formula . - : : 
1 specimen : 2.1.6 
aarp wl 


The fourth post-canine in the upper jaw was obviously split into two, thus account- 
ing for the variation. 


Sea-leopard: 5 specimens with dental formula ; : ; : 
i i : 25 
Crab-eating seal: 7 specimens with formula airs 
Sea-lion (Otaria Jubata): 2 specimens with formula aes - : 
1 specimen _,, a 3. 1. 6 
3. 1.5 
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DESCRIPTION OF PLATE. 


Fic. 1.—Ross skull, No. 43. Superior aspect. Fig. 5.—Ross seal, No. 43. 15th dorsal vertebra. 
Showing costal process on right side, and 

Fic. 2.—Ross skull, No. 43. Lateral aspect. facet for rib on left side. 

Fig. 3.—Ross skull, No. 43. Anterior aspect. Fic. 6.—Ross seal, No. 43. Femur showing 
non-articular area on head. 

Fic. 4.—Ross skull, No. 43. Inferior aspect. 
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IX.—Lower Paleozoic Hyolithide from Girvan. By F. R. Cowper Reed, M.A., 
F.G.8. Communicated by Dr Horne, F.R.S. (With Three Plates.) 


(MS. received March 5, 1909. Read June 7, 1909. Issued separately October 13, 1909.) 


INTRODUCTION. 


The extensive series of specimens of members of the Hyolithide which Mrs 
HiizaBeTH Gray has collected from the Ordovician and Silurian beds of the Girvan 
district, and submitted to me for investigation, forms the basis of the following memoir. 

Through the kindness of Dr Joun Horne and Professor J. W. Gregory, special 
facilities have been afforded me of examining the other Scotch examples in the 
Geological Survey Collection, Edinburgh, and the Museum of Glasgow University. 
My thanks are also due to Dr F. L. Kircnin for the opportunity of studying the 
specimens in the Jermyn Street Museum. 

The collections in the Sedgwick Museum, Cambridge, from various localities and 
many Lower Paleozoic horizons in Great Britain and Ireland, have enabled me to 
compare the Girvan species with previously described and typical forms. ‘he 
specimens in the same museum from Bohemia, named by Barranve himself, have 
proved of much value. Examples in the British Museum have also been consulted. 

The classification of the Hyolithide drawn up by Hotm is here followed, the 
genus Hyolithes being divided into two principal subgenera, Hyolithes sens. str. 
and Orthotheca, but Novax’s Ceratotheca is retained as a third independent group of 
generic rank for two doubtful species. The genus Pterotheca is also included in 
the same family, but the reasons for doubting the accuracy of this customary 
position are mentioned and briefly discussed. 


Genus Hyolithes, Hichwald, 1840. 
Subgenus Hyolithes, Kichwald-Holm, 1893. 


HYoLiITHES ARDMILLANENSIS, sp. nov. (Pl. I. figs. 1-6.) 


Shell straight, short, broad, rapidly tapering at about 1 in 24, dorso-ventrally 
compressed. Ventral face moderately convex, rounded or slightly subangular Dorsal 
face flat. Mouth oblique, with strongly arched dorsal lip. Lateral angles sharp, 
acute. Ventral face ornamented with 18-20 strong, rounded, straight longitudinal 
raised lines, of equal or subequal size, and separated by wider interspaces. Dorsal 
face, with fine concentric arched striz and traces of longitudinal folds, and occasionally 


with shallow submarginal grooves visible in the cast. 
TRANS, ROY. SOC, EDIN., VOL, XLVII, PART II. (NO. 9), 30 
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Dimensions - 


Te Jue 
Length : : : : : : 26:0 c. 23°0 mm. 
Width at mouth . : ; : ? 10°5 ce. 9:0 


” 


Horizon and Locality.—Balelatchie Group, Ardmillan. 

Remarks.—This is a well-characterised form. Generally only the dorsal face is 
preserved or the internal cast of the shell. The strong, regular longitudinal lineation 
of the ventral face and the short, broad shape of the shell are distinguishing features. 

Houm’s H. cymbium,* from the Lituites Limestone, appears to be closely allied in 
both these features, but has finer longitudinal lines and a slightly curved shell. 

The species described by Remetit as H. inequistriatus, from the boulders of 
Orthoceras Limestone in the North German Drift, closely agrees with our species in 
shape and rate of tapering, and the ornamentation is of the same type, though the 
longitudinal lines vary in strength. 

Some unnamed specimens from the Bala beds of Horderley, in the Jermyn Street 
Museum, bear considerable resemblance to H. ardmillanensis in cross-section, rate of 
tapering, and ornamentation, but are too poorly preserved to warrant identification 
with it. 

An operculum (PI. I. fig. 6) occurs associated with the above shells at Ardmillan 
which is of the requisite proportions and may probably be referred to this species. 
It is subelliptical in shape, folded sharply along a line near the ventral margin, 
parallel to the longer diameter, and is conical and moderately elevated, with the apex 
situated on the fold close to the ventral margin. The ventral side is short, narrow, 
very steeply inclined, and almost at right angles to the rest of the surface. The 
general surface of the cone, though rising to the apex, is somewhat concave, and is 
marked with three strong radiating grooves on each side, diverging from the apex, and 
not reaching the margin. As we are dealing with an internal cast, these grooves 
really represent internal ridges in the operculum, as BARRANDE pointed out. 

Fine radiating lines occur on each side of the sharp, angular junction of the 
ventral side with the general surface, and are traceable (though less distinctly) near the 
margin on other parts of the surface, but over the greater part only very delicate 
concentric strize can be detected. 

The transverse diameter of one such operculum is 11°5 mm. 

BarranvE{ has figured from Stage Ddl a somewhat similar isolated operculum 
with the internal cast showing three radiating grooves on each side; these he interprets 
as muscular impressions. 

It should be noted that none of the Girvan opercula have been found in position, 
but their relations to the shell are inferred from the Bohemian species described by 


* Hou, “Sver. Kamb.-silur. Hyol. 0. Conul.” (Sver. Geol. Undersékn., Ser. C, No. 112, 1893), p. 82, t. iii. 
figs. 6-11. 

+ RemE Lh, Zeitschr. deut. geol. Gesell., Bd. xl., 1888, p. 670, t. xxviii. figs. 4-6. 

| Barranpe, Syst, Silwr, Bohéme, vol. iii., 1867, p. 98, pl. ix. figs. 16, 17. 
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BaRRANDE with the operculum in place. In these the apex of the cone is always 
nearer the ventral side of the shell; but SaurER regarded it as nearer the dorsal side, 
thus reversing its relations. BaRRANDE’s orientation is here followed. 


Hyolithes asteroideus, sp. nov. (Pl. I. figs. 79a.) 


Shell straight, gently tapering at about 1 in 5. Ventral face moderately convex, 
weakly angulated in centre and obscurely on each side near lateral edge, so that it shows 
two pairs of flattened surfaces, of which the median pair is the wider. Dorsal face 
weakly convex. Lateral angles subacute. Section plano-convex. Mouth oblique, with 
strongly arched, high dorsal lip. Ventral face with one faintly impressed longitudinal 
line along median keel, and traces of very delicate longitudinal strize over rest of 
surface, which is also crossed by more or less developed growth-ridges and strie. 
Dorsal face with strongly arched transverse growth-strie, most marked near mouth ; 
(longitudinal strize absent 2). 

Horizon and Locality.—Starfish Bed, Drummuck Group, Thraive Glen. 

Remarks.—Only imperfect shells of this species are known, but the formation of 
the ventral face is characteristic. One fragment with an apertural diameter of 9 mm. 
has a leneth of 20 mm., and the shell, when complete, must have measured about 45 mm. 
Hicuwaup’s H. acutus,* from the Orthoceras Limestone, has a somewhat similar shape 
and cross-section, but the ornamentation is different.j H. elegans, Barr.,{ from 
Stage D, Bohemia, is certainly allied to our species. 


Hyolithes candidus, sp. nov. (PI. I. figs. 10-13.) 


Shell straight, short, broad, tapering at about 1 in 2. Dorsal face divided longi- 
tudinally into three areas, the lateral ones, which are each about one-quarter the width 
of the whole face, being flattened, gently inclined, and ornamented with 4-6 strong 
raised longitudinal lines; the median area is of twice the width, slightly concave or 
flattened, with very fine transverse arched striz and very delicate longitudinal stri, 
producing a minute cancellation of the surface. Dorsal lip of the mouth strongly 
arched. Ventral face rounded, gently convex, with rather distant fine longitudinal 
lines, about 20-25 in number, crossed by much more numerous transverse growth-lines. 
Lateral angles obtuse, rounded. 


Dimensions :-— 
Length . : ; é é : : : 11:5 mm. 
Width of mouth . . 3 5 5 F 4:5 


Horizon and Locality.—Whitehouse Group, Whitehouse Bay. 
Remarks.—This species is rather imperfectly known, being based on the one 


* HICHWALD, Leth. Ross., p. 1045, t. xl. figs. 13, 14. 
+ REMELE, Zeztschr. deut. geol. Gesell., Bd. xli., p. 762, t. xxx. 
} BarRanpbgE, op, cit., p. 81, pl. xi. figs. 14-25, pl. xv. figs, 34-36. 
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specimen showing the dorsal face and on several fragments. The dorsal face and shape 
of the shell resemble the Cambrian species H. sxgnatulus, Novak, * from Stage C, but the 
longitudinal lineation is different. The ornamentation is more like that found in many 
species of Orthotheca in Bohemia, figured by Novak, but H. norvegicus, Kjerulf,t 
from Norway, may be compared with it. The minute cancellation is met with more 
generally in species of Orthotheca. The shape of the shell resembles the figure of a 
small unnamed species of Hyolithes from Tyrone, described by Porriock { as the 
“internal bone of a Cephalopod.” 


Hypolithes columbanus, sp. nov. (Pl. I. figs. 14-14d.) 


Shell large, gently curved ventralwards, tapering at about 1 in 4-5, with rather an 
obtuse blunt tip. Ventral face moderately convex, rounded, not angulated. Lateral 
angles acute, but not sharp. Dorsal face slightly convex. Mouth with dorsal lip 
gently arched, not high; ventral lip straight. Cross-section unequally biconvex. Shell 
thick, with strong transverse growth-strize and ridges, especially on dorsal face, which 
also shows near lip about 20 impressed, widely distant, regular longitudinal strize, and 
a very delicate close longitudinal lineation over the whole surface; on the ventral face 
the longitudinal strize are indistinct. 


Dimensions :-— 
Length of fragment : : 55 mm. (estimated length of shell 80-90 mm.). 
Width of mouth : : ; Sie 


Horizon and Locality.—Drummuck Group, Thraive Glen. 

Remarks.—This species is not abundant. Its shape, curvature, and cross-section 
distinguish it from H. asteroideus, and its ornamentation from H. multipunctatus (q.v.). 
Eicuwa.p’s H. latus§ is allied in curvature, cross-section, and apparently in ornamenta- 
tion, but tapers much more rapidly to the apex. 


Hyolithes gurvanensis, sp. nov. (PI. I. figs. 15-17.) 


Shell slender, straight, slowly tapering to sharp point at about 1 in 5 or 6. 
Ventral face angulated in middle, the two sides meeting at about 110°-120°, with 
narrow, flattened border at sides. Dorsal face flat, or nearly so. Cross-section triangular. 
Lateral angles acute, sharp. Ventral face with very fine longitudinal striation (rarely 
visible), and stronger transverse concentric growth-strize. Dorsal face with very slightly 
arched lip and strong transverse concentric growth-strie. 


Dimensions :-— 
Length of shell . : 3 : : ‘ p 17:0 mm. 
Width of shell . . ‘ : : F i 3°25 


” 


* Novak, “Rey. Palaeoz. Hyol. Bohm.,” Abh. kin. bohm. Gesell. Wiss., vii., Bd. iv. (Math.-Nat. K1.), No. 
(1891), p. 23, t. iv. figs. 37-39. + Hou, op. cit., p. 87, t. iii. figs, 1-5. 

ft Porttock, (Geol. Rep. Londond., p. 470, pl. xxix.a. fig. 6. 

§ Etcuwatp, Leth. Ross., p. 1045, t. xl. fig. 16, 


EEE |. EEE eel 


LOWER PALAOZOIC HYOLITHIDAZ FROM GIRVAN. 207 


Horizon and Locality.—Balclatchie Group, Balclatchie. 

Remarks.—This species is allied to H. ommemor (q.v.), from the same horizon, but 
differs by its more slowly tapering form, the non-chambered apex (so far as known), 
the more strongly angulated ventral face, and the sharp lateral angles. The longi- 
tudinal ornamentation of the ventral face is only very faintly seen in one specimen, and 
its existence is, indeed, open to doubt; it is at any rate different to that of H. wmmemor. 

H. simplex, Salter,* is allied, but has not a sharply angulated ventral face, and 
tapers more rapidly; the operculum referred to this species by Saursr bears a con- 
siderable resemblance to that here mentioned under H. wmmemor, and the species 
occurs in the Lower Llandeilo of Shelve. H. vaginula, Salter,t is a shorter, broader 
shell, but has an angulated ventral face. 

H. triangularis (Portl.),t from Tyrone, is a larger shell, one of the type-specimens 
measuring just 40 mm. in length, but its rate of tapering and shape of cross-section 
seem identical ; the dorsal (flat) side is, however, stated to be longitudinally striated, 
while the ventral face has only transverse strive; but all the specimens are very badly 
preserved, and the lineation, which is very unsatisfactorily seen, is at any rate coarser. 


Hyolithes rmmemor, sp. nov. (Pl. ities, 18-2 PE fie. 1.) 


Shell straight, tapering at about 1 in 33, with the apical portion (z.e. the posterior 
fourth part of the shell) tapering more gradually and divided up by transverse 
partitions into 12-15 chambers. Dorsal face gently convex, with traces of narrow 
border. Dorsal lip gently arched. Lateral angles acute, but not sharp. Ventral face 
angulated, with strong submarginal raised longitudinal rib on each side, and two median 
weaker ribs along the central keel, but rest of surface smooth (imperfectly known). 
Surface of dorsal face marked by fine transverse growth-strie, with traces of 1-2 
marginal longitudinal lines occasionally visible. 


Dimensions :— 
Length . ; : ° : ; ; ‘ 21:0 mm. 
Width of mouth . : : , : d ; 5:0 


” 


Horizon and Locality.—Balclatchie Group, Ardmillan. 

Remarks.—This small shell has very constant proportions, but in no case is the 
ventral face well seen; the marginal groove and border on the dorsal face are only 
visible when the shell is preserved, and then generally only in the apical half. The 
chambering of the apex and the slender, more tapering shape of this portion are 
remarkable, and have not been observed in other species from Girvan. The shell 
tapers less rapidly than H. ardmuillanensis, but is probably closely allied to it, and 
imperfect casts are difficult to distinguish. Its relations to H. girvanensis have been 


* SatTEeR, Mem. Geol. Surv., vol. iii., 1866, p. 352, pl. xi.B. figs. 22-26. 
+ Ibid., p. 352, pl. x. fig. 14. 
{ PortuocK, Geol. Rep. Londond., p. 375, pl. xxviii. figs. 3 a-c. 
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above mentioned. It is probable that Satrer* refers to H. wmmemor in recording 
H. reversa (Salter) from the South of Scotland. In the latter species, originally 
described from North Wales,t there is no mention of a tapering chambered apex, but it 
seems closely allied in other respects. EicHwaLp (op. cit., p. 1045) believed that the 
Russian species, H. acutus, HKichw., which Hotm{ has fully described, from the 
Orthoceras Limestone, was a close ally of H. reversa. 

Amongst other Scandinavian species, it may be remarked that the ribbing of the 
ventral face of H. scalprum, Holm,§ is somewhat similar. 

Probably certain small opercula (Pl. II. fig. 1) occurring in the same beds at 
Ardmillan are referable to this species. This type of operculum is subcircular in shape, 
conical, with an elevated excentric apex situated close to the ventral margin; the 
ventral face is triangular, short, flattened, more or less inclined to the general surface, 
and has a small median prominent fold below the apex, traversing it and extending 
to the margin. The general or dorsal surface of the operculum slopes down regularly 
from the apex and has one distinct regular concentric groove near the margin, and 
fine concentric strize above and below. In casts, two short, shallow, broad radial 
grooves, diverging from the apex at about 80° and widening outwards, traverse the 
dorsal portion of the shell, but do not extend more than two-thirds of the distance to 
the margin. ‘hese indicate muscular attachments, and correspond to those represented 
by BaRRaNDE 


| in opercula from Stage D in Bohemia. 


Hyolithes multipunctatus, sp. nov. (PI. II. figs. 2-20.) 


Shell straight, gently tapering at about 1 in 6-7. Dorsal and ventral faces gently 
convex, the ventral side rather more convex than the dorsal. Lateral edges sharp, acute. 
Mouth oblique ; dorsal lip slightly arched and swollen at margin. Surface of shell crossed 
by weak growth-ridges at irregular distances and by finer growth-lines and striz, and 
covered with small, round, shallow pits, situated at about two to three times their 
diameter apart. 


Dimensions :-—_ 
Length (of broken fragment of shell). : ; : 45:0 mm. 
Width of mouth . C é ; : , : 16:0 _,, 


Horizon and Locality.—Balclatchie Group, Ardmillan. 

Remarks.—Only one broken specimen with the impression of its exterior is known, 
but this, luckily, has the mouth and ornamentation well preserved. ‘The latter feature 
is peculiar, and does not appear to be of a secondary origin. Iteasily marks it off from 
other allied species, such as H. asteroideus. 

* Satter, Mem. Geol. Surv., vol. iii., 1866, p. 353, and woodcut 14, fig. 6, on p. 347. 
+ SaurerR, in Murchison’s Siluria, 2nd edit., p. 550, foss. 10, fig. 21. 
{| Hou, op. cit., p. 99, t. ii. figs. 29-36, t. vi. fig. 23. 


§ HoLm, op. cit., p. 96, t. ii. figs. 46-50. 
|| BARRANDE, op. cit., pp. 95-97, pl. xiii. figs. A-B. 
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Hyolithes penkillensis, sp. nov. (Pl. II. figs. 3-5.) 


Shell straight, short, broad, rapidly tapering at about 1 in 2%. Ventral face low, 
angulated (imperfectly known). Dorsal face flattened or very weakly convex, with 
narrow border distinctly marked off by groove, and with 1-3 strong, submarginal, 
longitudinal lines. Mouth with dorsal lip strongly arched. Lateral edges acute, sharp. 


Dimensions :—- 
Ie ae 
Length . : : : : : 15:0 mm. 11:0 mm. 
Width at mouth . : ; : 5 Oi Dios 


Horizon and Locality.—Penkill Group, Penkill. 

Remarks.—This broad, short form has much the shape of H. tardus, Barr.,* from 
Stage G, but the margins of the dorsal fave have the characters of H. norwegicus, 
Kjerulf.t . obvius, Barr.,t from Stage H, tapers less rapidly to the point, and does not 
show the narrow borders on the dorsal face, as does the Girvan form. 

There is one specimen in the Hunterian Museum referable to this species from the 
same locality, but it tapers rather more slowly, measuring 17 mm. in length and 
6°5 mm. in width at the mouth. 


Hyolithes subcrispatus, sp. nov. (PI. II. figs. 6-8.) 


Shell short, broad, straight, tapering rapidly at 1 in 23. Dorsal face flattened, very 
weakly convex. Lateral angles sharp, acute. Ventral face unknown. Mouth with 
dorsal lip strongly arched. Surface of dorsal face crossed by strong, rounded, fairly 
regular and equal concentric growth-ridges or strie, and marked by 20-25 regular, 
straight, equal and equidistant raised thread-like lines, separated by broad interspaces. 
Occasionally two of the longitudinal lines seem more strongly developed, and divide the 
dorsal face into three equal longitudinal areas. : 


Dimensions :-— 
I II. 
Length . . ‘ : ; : 24 mm. 21 mm. 
Width at aperture : : 5 : 10 _~,, (8) gp 


Horizon and Locality.—Drummuck Group, Thraive Glen. 

Remarks.—This shell has more the shape and ornamentation of H. decipiens, Barr.§, 
but not such marked cancellation of the surface, nor a bent tip. H. sulcatulus, Nov..,| 
has a more slender shape and fewer longitudinal ribs. 

* BARRANDE, op. cit., p. 93, pl. vi. figs. 17-18 ; Novak, op. cit., p. 27, pl. iv. figs. 33-36. 
+ Houm, op. ctt., p. 87, t. iii. figs. 1-5. 
{ BaRRANDE, op. cit., p. 86, pl. xii. figs. 1-6, 


§ BaRRANDE, op. cit., p. 80, pl. xii. figs. 33-37 ; Novak, op. cit., p. 16, t. iii. figs. 25-28. 
|| Novak, op. cit., p. 26, t. iii. fig. 22. 
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Hyolithes sylvestris, sp. nov. (Pl. Il. figs. 9, 9a.) 


Shell short, straight, broad, tapering at about 1 in 23. Ventral face unknown. 
Dorsal face weakly convex, with narrow raised border, separated by broad shallow 
groove; surface ornamented with 30-40 fine, straight, thread-like longitudinal lines, of 
equal size and at equal distances apart, crossed by very delicate, closely placed, arched 
transverse strize. Dorsal lip strongly arched. 


Dimensions :— . 
Length . : : ; : : ‘ : 12°5 mm. 
Width at mouth . ‘ : ; : : 5 Or 


Horizon and Locality—Saugh Hill Group, Woodland Point. 

Remarks.—In shape this species, of which there is only one specimen, is indis- 
tinguishable from H. penkillensis, but the ornamentation of the dorsal face is sufficient 
to separate it. ‘he shell is shorter than H. crispatus (Boll.),* but the ornamentation 
somewhat recalls it, though the Swedish form shows no raised border. 

BaRRANDE'S H. columnaris,t from Stages EH and F, has a concave dorsal face, but a 
similar ornamentation. 

Perhaps Saurer’s [Hyolithes anceps, from the Silurian of Hastnor Castle, is allied ; 
the shape and ornamentation appear to be similar, but the species is imperfectly known, 
and the type-specimen is indifferently preserved. 


Hyolithes, sp. ind. (a). 


An imperfectly known species of Hyolithes, somewhat resembling in shape 
H. immemor, is represented by four specimens from Penkill, in the Hunterian Museum. 
It is too poorly preserved to warrant giving it a specific name, but it is probably distinct 
and new. The shell tapers at about 1 in 4; the dorsal face is slightly convex and has a 
very slightly arched lip; its surface is crossed by transverse strize; there seems to be 
no border nor marginal longitudinal lines, as occasionally seen in H. immemor. The 
lateral angles appear to be sharp and acute. The ventral face is angulated or subangu- 
lated, and marked with a few longitudinal lines, apparently about 12 or rather more in 
number. 

One specimen measures 15 mm. in length, with an apertural width of about 4 mm., 
and another about 12°0 mm. in length, with an apertural width of about 3°25 mm. 


Hyolithes, sp. ind. (6). 
Some imperfectly preserved examples of an indeterminable species of [Hyolithes 
occur in the Mulloch Hill Group of Mulloch Hill. They are rather short, and taper 


* Hou, op. cit., p. 89, t. ili. figs. 36-52. 
+ BARRANDE, op. cit., p. 78, pl. ix. fig. 13, pl. xii. figs. 13-23. 
| Saurer, Mem, Geol, Surv,, vol, ii. pt. i., 1848, p. 355, pl. xiv. fig. 1, 
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at about 1 in 3-4. The dorsal face is flat, with a strongly arched mouth. No shell or 
ornamentation is preserved satisfactorily. One specimen measures 15 mm. in length 
and 4 mm. in width at the mouth. 


Hyolithes, sp. ind. (7). 

A small species of Hyolithes occurs in the Craighead Limestone, but it is too poorly 
preserved for specific determination. Itis a broad, short form, tapering at about 1 in 3 ; 
the dorsal face seems to be flat, with a very slightly arched mouth, but no further 
features can be made out satisfactorily. The one specimen recognised measures about 
7 mm. in length and 2°5 mm. in width at the mouth. 


Subgenus Orthotheca, Novak, 1887. 


Hyolithes (Orthotheca) subexcavatus, sp. nov. (Pl. II. figs. 10-12.) 


Shell straight, slender, slowly tapering at about 1 in 8, with elongated, pointed 
apical portion showing chambers. Cross-section subtriangular. Ventral face high, 
sharply angulated, the sides meeting at nearly a right angle. Dorsal face concave, with 
swollen margins. Lateral angles acute, but rounded. Mouth straight, truncate. 
Ventral face ornamented with about 30 fine, straight, longitudinal thread-like lines, of 
equal size and equidistant, crossed by very numerous finer, closely placed stria, giving 
the surface a cancellated appearance. Dorsal face with similar longitudinal lines and 
transverse strie. 


Dimensions :— 
Length . - : : 3 : : : 18°5 mm. 
Width at mouth : : ; : : ; HAA) 


Horizon and Locality.—Balclatchie Group, Ardmillan. 

Remarks.—In shape this shell much resembles H. girvanensis, but differs by 
tapering more slowly and by the absence of a dorsal lip and by the character of its 
ornamentation. In none of the specimens is the surface of the dorsal face well 
preserved, so that there is a little doubt as to the presence of the longitudinal 
lineation upon it. The chambering of the apical portion recalls H. ommemor. In 
cross-section our shell resembles H. (O.) cor., Holm,* and H. (O.) excavatus, Holm,t 
of the Cambrian, but the ornamentation is somewhat like H. (O.) fluctuosus, Holm,t{ 
from the Trinucleus Beds, and HH. (O.) trinucleorum, Holm.§ Our H. (O.) thraivensis 
tapers more rapidly, but otherwise is closely allied. 

There is a fairly good example of the upper portion of a shell from Desertcreat, 
Co. Tyrone, in the Jermyn Street Museum, which may be identified with this Girvan 
species. The shape and ornamentation are identical, and the specimen, when perfect, 
must have measured about 45 mm. long; its width at the mouth is about 6 mm. 

* Hou, op. cit., p. 58, t. i. figs. 60-62. + Hom, op. cit., p. 61, t. v. figs. 67-71. 


{ Hou, op. cit., p. 68, t. iii. figs. 58-57, t. v. figs. 88-91. § Houm, op. cit., p. 67, t. v. figs. 79-87. 
TRANS. ROY. SOC. EDIN., VOL. XLVII. PART II. (NO. 9). 31 
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Hyolithes (Orthotheca) subornatus, sp. nov. (Pl. II. figs. 13-15.) 


Shell slender, straight, slowly tapering at about 1 in 8, triangular in cross-section. 
Ventral face strongly angulated at nearly a right angle, high, with strong median 
longitudinal rib and 6-8 fine, straight, thread-like longitudinal lines on each side (with 
2-3 very delicate ones between adjoining ones), and a strong marginal or supra-marginal 
longitudinal rib near the lateral edge. Dorsal face apparently flat or slightly concave 
and crossed by very fine transverse striz. Mouth straight. 

Horizon and Locality.—Whitehouse Group, Whitehouse Bay (and Shalloch Mill ?). 

Remarks.—The peculiar ornamentation in this species distinguishes it from all 
others in the Bala Beds. One specimen from Whitehouse Bay measures about 30 mm. 
in length, but the tip is missing, so that its original length must have been about 35 
mm., and its diameter at the mouth is about 4 mm. 

Some poorly preserved specimens from Shalloch Mill probably belong to this species, 
but seem to taper rather more rapidly. 


Hyolithes (Orthotheca) thrawwensis, sp. nov. (PI. IL figs. 16-23a.) 


Shell very slightly and regularly curved dorsalwards, or straight, gently tapering at 
about | in 6 or 7, markedly triangular in cross-section, nearly as high as wide. Ventral 
face strongly convex, high, more or less angulated. Dorsal face flat or slightly concave. 
Lateral angles rounded, obtuse. Mouth straight, not oblique; dorsal lip straight, not 
arched. Surface of ventral face marked with 30-36 longitudinal equal or subequal 
raised lines, separated by broader interspaces, and crossed by subequal, more closely 
placed and more numerous but weaker raised lines, forming granules at the intersections, 
and giving a cancellated appearance to the surface; the 1 or 2 longitudinal lines on the 
rounded lateral angles are rather stronger than the rest. Dorsal face crossed by straight 
transverse lines similar to and continuous with those on the ventral face, but without 
longitudinal lines. 


Dimensions -— 
I. II. 
Length about . ; : : : 33:0 mm. 37:0 mm. 
Width at mouth about . ; é j BO) = 0) 5 


Horizon and Locality.—Drummuck Group (? including Starfish Bed), Thraive Glen. 

Remarks.—This beautifully ornamented species seems abundant in the Drummuck 
3eds of Thraive Glen, and is usually well preserved and has the shell still attached. 
H. (Orthotheca) trinucleorum, Holm,* may be compared with this species, and it comes 
from a homotaxial horizon. The ornamentation in H. (O.) thraivensis is coarser than 
in H. (O.) subexcavatus, and the shell tapers more rapidly, and is usually somewhat 
curved. 

* Hou, op. cit., p. 67, t. v. figs. 79-87. 
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Hyolithes (Orthotheca) thrawensis, var. granuliferus. (Pl. II. figs. 24, 25.) 


Shell straight, triangular, slowly tapering at about 1 in 6. Ventral face high, 
angulated, its sides meeting at about a right angle. Dorsal face slightly concave. 
Lateral angles obtuse, rounded. Mouth straight. Ventral face bearing one strong 
median raised longitudinal line along ridge and 6-8 finer raised lines on each side, each 
line bearing a single row of small equidistant tubercles. The longitudinal lines are not 
all of equal strength or at equal distances; some are finer than others and are not 
continued to the point, only extending about half or two-thirds the length of the shell ; 
the interspaces between the lines are wide, and very delicate transverse lines cross them. 
The rounded lateral angles bear several similar longitudinal lines, but the dorsal face 
seems devoid of them, and only shows very faint transverse striz. 

Horizon and Locality.—Drummuck Group, Thraive Glen. 

Remarks.—The one internal cast and external impression on which this variety is 
based differ from the typical form by the granules on the longitudinal lines being 
fewer and so much larger as to be worthy of the designation of tubercles. The longi- 
tudinal lines also are fewer and less regular, and the concentric strize much finer and 
fewer. The fragment measures about 11°75 mm. in length, with an apertural diameter 
of about 4°25 mm. 


Hyolithes (Orthotheca *), sp. ind. 


An elongated, narrow, slowly tapering species from Penkill is represented by one 
poor and imperfect specimen in the Hunterian Museum, Glasgow. The fragment 
measures 32 mm. in length, but the tip is broken off; at its broader end it measures 
3°25 mm. in width; its true rate of tapering is about 1 in 11. The impression of the 
one face preserved shows that this face (? the dorsal) must have been gently convex, 
and there are traces of faint transverse, scarcely arched striz running across it. No 
other features can be detected. 


Genus Ceratotheca, Novak, 1891. 
Ceratotheca ? subuncata, sp. nov. (Pl. II. figs. 26-28.) 


Shell cornuate, strongly curved back at about half its length, and thence rather 
rapidly tapering to point, the curvature being such that the posterior part of the shell 
is bent back in a regular, nearly semicircular curve, so that the apical extremity lies at 
about two-thirds to three-fourths the length of the shell. Section of shell subcircular 
or elliptical. Mouth at right angles to shell, not oblique; margin of mouth slightly 
sinuous. Shell thin; surface ornamented with very fine concentric growth-strie 
and with very delicate closely placed longitudinal strize (observable near mouth), which 
on crossing the transverse striz are raised into minute granules, 
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Dimensions :— 
I. Il. TI. 
Length of shell (to bend) . : : 15:0 22-0 21:0 mm. 
Diameter of mouth : f : 85 10°5 11:0 mm. 


Horizon and Locality.—Penkill Group, Penkill. 

Remarks.—The specimens are mostly rather crushed and imperfect, and the surface 
ornamentation is rarely visible. The species which most resembles it is Ceratotheca 
unguiformes, Novak,* from Stage He 1 in Bohemia, but the rate of tapering in the latter 
is less rapid and the curvature of the shell begins nearer the apex ; the ornamentation 
also is different. 

The inclusion of C. subuncata and the following species, C. balclatchiensis, in 
the genus Ceratotheca, appears to me rather doubtful. However, it is impossible to 
establish a new genus on such indifferent material, and it seems best to leave them 
associated in it for the present. The resemblance of C. swhuncata in general shape to 
some species of Hecyliomphalus may be noted, and even Linpstr6m’s Huomphalus 
gotlandicus + has a certain degree of similarity. 


Ceratotheca ? balclatchiensis, sp. nov. (PI. III. figs. 1-3.) 


Shell conical, slightly curved ventralwards, rather rapidly tapering at about 1 in 3. 
Cross-section subcireular to subelliptical. Ventral face strongly convex, rounded. 
Lateral angles rounded, obsolete and indefinite. Dorsal face rather less convex than 
ventral. Mouth straight or with margins slightly sinuous, at right angles to shell; 
no arched dorsal lip. Shell lustrous, corneous, thin, smooth, or with irregular faint 
concentric growth-ridges and strize. 


Dimensions :-— 
I. II. III. 
Length . : ; : 21:5 25°0 18:0 mm. 
Diameter at mouth 5 ; , 8:0 9-0 7:0 mm. 


Horizon and Locality.—Balclatchie Group, Balclatchie. 

Remarks.—None of the specimens are very well preserved or complete, but it is an 
abundant form at Balclatchie, and the numerous examples enable one to give a fairly 
complete diagnosis. The affinities of this species are doubtful. It is much less com- 
pressed dorso-ventrally than Hyolithes aduncus, Barr., from Stage EH; the lateral angles 
are less evident and the shell tapers less rapidly. The thin, black, corneous nature of 
the shell makes it doubtful if this organism is rightly referred to the Pteropoda at all, 
but it hardly seems possible to regard it as annelidan in nature, and it may provision- 
ally be referred to Ceratotheca. From its shape it looks as if it might be more correctly 
placed with the Scaphopoda, but the nature of the shell is against this reference. 


* NOVAK, op. cit., p. 33, t. i. figs. 28, 24. 
+ Linpstrom, Silur, Gastrop. Pterop. Gotland (1884), p. 139, pl. xiii. figs. 19-31. 
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Genus Pterotheca, Salter, 1852. 


The genus Pterotheca, which was established by Saurer®* to contain an Irish fossil 
described by Porrtock as Atrypa transversa, is represented not only by British 
species, but also by others from America and Bohemia.t Its true position and affinities 
have been a matter of uncertainty: ZirreL, as recently as 1903, retained it in the 
Hyolithide, but it is believed by Utricu and ScorreLp { to belong to their family 
Carinaropside, which is defined by them as follows :—‘‘ Symmetrical, almost patelliform 
shells, the aperture being greatly expanded: apex small, involute, overhanging the 
posterior margin, consisting of no more than two volutions. Within the aperture a 
broad concave septum. Anterior lip with a central emargination.” The type of the 
genus Carinaropsis § is C. carinata, Hall, of the Trenton Group, and the close affinities 
of Carinaropsis with Bellerophon and Pterotheca are clearly pointed out by ULRicH 
and SCOFIELD. 

Pterotheca agrees with Camnaropsis in a striking manner, and possesses the 
characteristic internal septum, the broadly expanded mouth, and the carinated back, but 
differs by the shell being simply arcuate with an incurved beak, instead of being coiled 
into two volutions, and also by possessing a pair of small vertical septa in the apical 
extremity, dividing the cavity into three portions. This peculiar septate apical region 
is considered by the same authors to be of generic importance only, but sufficient to 
make it doubtful whether Pterotheca is a Pteropod, and should not rather be classed 
with Carinaropsis as a family of the Docoglossa. Novax|| considered that his genus 
Pterygotheca somewhat recalled Saurer’s Pterotheca, but it is difficult to see any 
structural affinity, or even to recognise much superficial resemblance. . 

Satrer’s definition of the genus Pterotheca is short :—‘‘ Shell transversely oval, 
bilobed, with wavy sides and a strong median keel. Ventral plate short, narrow, flat.” 
Only a few species have been described, and the type is Pé. transversa (Portl.).{ 
The genus is stated to occur in Bohemia and North America, and it ranges through 
the Ordovician and Silurian. The best-known British species is Pt. corrugata, Salter, 
1852, which is recorded from the “Caradoc” rocks of Dolbenmaen, near Criccieth.** 
Pt. undulata, Salter,tt from Carnarvonshire, has apparently never been figured or 
described. Pt. avirostris, Salter (MS.), is from the Woolhope and Upper. Llandovery 
Beds. 


* SALTER, Brit. Assoc. Reports, 1852, Trans. Sect., p. 61. 

+ BARRANDE, op. cit., p. 99, pl. xv. figs. 1-6. 

{ Unricu and Scortexp, “ Lower Silur. Gastr. Minnesota” (Geol. Nat. Hist. Surv. Minnesota, vol. iii. pt. ii., Final 
Rep., “ Palezont,” 1897, chap. x.), pp. 857, 926. 

§ Hatt, Paleont. New York, vol. i., 1847, p. 183. 

|| Novak, “Rev. Palseoz. Hyolith. Bohmens,” Abhandl. kén. bohm. Gesell. Wissen., vii., Bd. iv. (Math.-nat. K1.), 
No. 6, 1891, p. 45, t. iii. figs. 36-47. 

‘| Porriock, Geol. Rep. Londond., p. 455 (Atrypa transversa) ; SaureR, Brit. Assoc. Rept., 1852, Trans. Sect., p. 61; 
Morcuison’s Stluria, 5th ed., 1872, foss. 41, fig. 4, p. 199. 

** Saurer, Mem. Geol Surv., vol. iii., 1866, p. 353, fig. 18. 

tt SALTER, op. cit., 1866, p. 274. 
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Pterotheca drummuckensis, sp. nov. (Pl. III. figs. 4, 5.) 


Shell subcircular to transversely subcordiform, rather broader than long. Apertural 
margin emarginate, with broad, rounded lateral lobes, and broad, angular median notch 
between them. Median fold narrow, sharp, acutely angular, not projecting on apertural 
margin, but corresponding with angular notch. Lateral folds very low, wide and inde- 
finite, passing into flattened lateral portions of shell. Posterior margins of shell meeting 
at apex at about 100°-110°. Pair of narrow shallow grooves diverging forwards from 
apex at about 45°, halfway between median ridge and lateral margins of shell. 

Surface marked with regular strong corrugations, concentric to apertural margin, and 
bending back sharply in median notch so as to form re-entrant angle of about 50° on 
ridge of keel. 


Dimensions :— 


I Le. 
Length : . : : 5 20:0 15:0 mm. 
Width : : : A ; : 20:0 180: 5, 


Horizon and Locality.—Drummuck Group, Thraive Glen. 

Remarks.—This shell, though only known by imperfect specimens, differs from the 
next described species, Pt. gurvanensis, by its shape, its non-projecting median keel, the 
angle of divergence of the grooves on the surface, the acutely emarginate apertural 
margin, and the regular corrugation. 


Pterotheca girvanensis, sp. nov. (Pl. IIL figs. 6-13.) 


Shell transversely subelliptical, widest towards the front. Apertural margin sinuous, 
projecting in middle in short subangular tongue, excavated slightly on each side, and 
with rounded, more or less projecting lateral lobes, forming the angles and merging into 
the lateral margins, which are rounded. Apex small, sharp, incurved. Surface of shell 
gently convex, elevated into sharp median longitudinal fold, proceeding from apex with 
increasing height, width, and acuteness to the apertural margin, where it stands up 
prominently and projects as the median tongue; a pair of broader but low, rounded, 
indefinite lateral folds run forwards from the apex divergently, almost dying out on the 
apertural margin, where they form the lateral lobes. Two shallow definite grooves, 
slightly curving outwards, diverge from the apex at about 60°--70°, and run forwards 
towards the outer lateral angles of the apertural margin, nearly or quite reaching it, and 
they lie on the outer slopes of the lateral folds. These grooves correspond internally 
with low ridges or septa. Internal concave plate present, extending about two-thirds 
the length of the shell. Surface of shell minutely punctate, and with more or less de- 
veloped concentric corrugations and strize following the outline of the apertura] margin. 

Dimensions :-— 

i ie IE 


Length : : : ; ; 15:0 9:0 13:0 mm 
Width ‘ : : : : 20:0 12°5 20°0 ,, 
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Horizon and Localities.—Balclatchie Group, Balclatchie and Ardmillan. 

Remarks.—This species is undoubtedly closely allied to Pt. corrugata, Salter. 
The median slit which the latter species is represented as possessing near the anterior 
margin is apparently due merely to the breaking off of the acute carina, as precisely 
the same appearance is met with in damaged specimens of this Girvan form. There are 
three lateral folds represented by SaurER on each side of the central one, and the con- 
centric striz are said to meet the keel abruptly at a right angle, whereas in ours they 
pass over it continuously, following the outline of the apertural margin. 


Pterotheca mullochensis, sp. nov. (Pl. III. figs. 18-20.) 


Shell transversly elliptical to subcircular. Apertural margin arched forwards, not 
emarginate, with small projecting triangular tongue in middle. Surface gently convex. 
Apex small, curved. Median fold angulated, acute, narrow and weak near beak, but 
increasing in height and width to front margin, where it projects slightly as tongue. 
Lateral lobes on apertural margin and lateral folds on surface obsolete, but halfway 
between median fold and lateral margin of shell the surface is angulated, being bent 
down rather suddenly on each side, along lines diverging from the apex at about 60° ; 
the angulations die out towards the anterior margin, curving gently outwards, or 
running nearly straight forwards; they correspond near their origin to the course of the 
thin internal divergent septa which start from the apex and extend about one-third to 
one-half the length of the shell. Internal plate gently concave, extending forwards . 
rather more than half the length of shell. Surface marked with numerous moderately 
strong concentric corrugations and strie. 


Dimensions :— 
I, II. Ill. 
Length . : ; ‘ : 24:0 22°5 23:0 mm. 
Width =. ; ; : ; 26:0 27-0 c. 25:0 ,, 


Horizon and Locality.—Mulloch Hill Group, Mulloch Hill; and (?) Saugh Hill 
Group, Newlands. 

Remarks.—The shape of the anterior margin, the obsolescence of the lateral lobes 
and folds, the angulation of the lateral surfaces and general shape of the shell, dis- 
tinguish it from Pt. gurvanensis and Pt. drummuckensis. Porriock’s Pt. transversa 
from Desertcreat, the type of which is in the Jermyn Street Museum, much resembles 
Pi. mullochensis in surface characters, but is broader and more transversely elliptical in 
shape, its length to its width being as 2-3; and it possesses, near the beak, a small 
additional pair of very short septa between the two long divergent ones, and the latter 
bend away at rather a wider angle, though this may be due to crushing. The con- 
centric rugz are less developed, the concentric markings being rather of the nature of 
fine wrinkles and strize. 
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Pterotheca multidecorata, sp. nov. (Pl. III. figs. 14-16.) 


Shell semi-elliptical, with long, strongly arched apertural margin and short postero- 
lateral margins meeting at apex at wide angle (about 130°-150°); apertural margin 
narrowly and not deeply, but acutely, emarginate in centre. Surface of shell gently 
convex; median fold high, angulated, acute, with narrow raised keel, increasing 
eradually in width and somewhat in height to anterior margin, where it ends in the 
median notch; lateral folds low, rounded, curving slightly outwards and projecting as 
rounded lobes on margin, well marked off from median ridge and from lateral portions 
of shell, which form broader and lower outer rounded folds; the grooves separating 
these outer from the inner lateral folds diverge at rather less than 45°. Surface of 
shell marked (1) by a few concentric corrugations and strize bending back acutely at a 
re-entrant angle of 45°-50° on median fold, and (2) by fine radial striz, slightly wavy, 
and increasing in number towards the margin, containing along them a row of closely 
set minute puncte. Internal septa indistinct, thin, gently curved, less than the length 
of shell, diverging from apex at about 30°—45°, and running in outer lateral grooves. 


Dimensions :-— 
I. IL. 
Length : : : : : ; 9°5 15:5 mm. 
Width 5 é : ; : é 11:5 21:0 mm. 


Horizon and Locality.—Penkill Group, Penkill. 

Remarks.—The ornamentation of this shell easily marks it off from all the other 
species, somewhat resembling that in the brachiopod Porambonites. The two pairs 
of lateral folds and shape of the shell are additional distinguishing features. Pt. 
avirostris, Salter (MS.), from the Upper Llandovery of Bog Mine, Shelve, and Damery 
Bridge, Tortworth, is only known as internal casts. It is almost circular in outline, and 
does not show clearly two pairs of lateral folds, but the high angulated narrow keel and 
the small angle of divergence between the internal septa constitute points of resemblance 
between it and Pt. multedecorata which are worthy of notice. 


Pterotheca simplex, sp. nov. (PI. III. figs. 17, 17a.) 


Shell small, transversely semi-elliptical, with strongly arched apertural margin. 
Surface gently convex, with one broad, slightly elevated subangular median fold, 
increasing rapidly in width from the beak to the apertural margin, where it projects 
slightly and has a width equal to nearly half the shell; it is bounded laterally by 
weakly impressed shallow grooves, curving gently outwards to margin, and diverging 
from apex at about 45°. Lateral folds obsolete. Concentric corrugations and strie few 
and faint, strongest near apex. 

Dimensions :— 

Length . . ADDED 4 _ 5-25 mm. 
Width : ; ‘ 70 


” 
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Horizon and Locality.—Balclatchie Group, Balclatchie. 

Remarks.—The simplicity of the lobation of this small shell distinguishes it from 
Pt. girvanensis, and it does not seem possible to regard it as merely the young of that 
species. It more resembles the Bohemian species, Pt. bohemica, Barr.* The 
American species, Pt. expansa (Emmons),t may also be compared. 


List oF SPECIES. 


Hyolithes ardmillanensis, sp. nov. 


53 asteroideus, sp. nov. 

3 candidus, sp. nov. 

- columbanus, sp. nov. 

= girvanensis, sp. nov. 

sn immemor, Sp. NOV. 

As multipunctatus, sp. nov. 
Fs penkillensis, sp. nov. 

oa subcrispatus, sp. Nov. 

‘ sylvestris, sp. nov. 

a sp. ind. (a). 


= sp. ind. (f). 
ee Sp. indin(y), 


Hyolithes (Orthotheca) subexcavatus, sp. nov. 
subornatus, sp. Nov. 
thraivensis, sp. nov. 

var. granuliferus. 


” by) 


” LP) ” 

4 i tsp. ind. 
Ceratotheca ?subuncata, sp. nov. 

e 1 balelatchiensis, sp. nov. 
Pterotheca drummuckensis, sp. nov. 

5 gurvanensis, sp. nov. 

- mullochensis, sp. nov. 

re multidecorata, sp. nov. 

a simplex, sp. nov. 


STRATIGRAPHICAL DISTRIBUTION OF THE SPECIES. 


Craighead Limestone— 
Hyolithes, sp. ind. (y). 


Balclatchie Group— 


Hyolithes ardmillanensis. 


3 girvanensis. 

FA immemor. 

- multipunctatus. 

35 (Orthotheca) subexcavatus. 


Ceratotheca *? balclatchiensis. 
Pterotheca girvanensis, 
> simples. 


Whitehouse Group— 
Hyolithes candidus. 
»  (Orthotheca) subornatus. 


Drummuck Group— 


Hyolithes asteroideus. 
34 columbanus. 


* BaRRANDE, op. cit., p. 104, pl. xv. figs. 1-6. . 


Drummuck Growp—continued. 


Hyolithes subcrispatus. 
5 (Orthotheca) thratvensis. 
55 P rr var. granuliferus. 


Pterotheca drummuckensis. 


Mulloch Hill Group— 


Hyolithes, sp. ind. (f). 
Pterotheca mullochensis. 


Saugh Hill Group— 


Hyolithes sylvestris. 
5 sp. ind. (a). 
t Pterotheca mullochensis. 


Penkill Group— 


Hyolithes penkillensis. 

‘ (Orthotheca 2) sp. ind. 
Ceratotheca ? subuncata. 
Pterotheca multidecorata. 


+ Emons, Geol. Rep. 2nd Distr. New York, 1842, p. 397, figs. 109-112; WELLER, Geol. Surv. New Jersey, 


Paleont. iii. (1902), p. 179, pl. xii. fig. 35. 


TRANS. ROY. SOC. EDIN., VOL. XLVII. PART II. (NO. 9). 32 


220 MR F. R. COWPER REED ON 


REMARKS ON THE STRATIGRAPHICAL DISTRIBUTION. 


It is noticeable that the greatest variety of species is met with in the Balclatchie 
Group. In the underlying Stinchar Group only one species, represented by a single 
individual, is so far known. The Whitehouse Group has yielded no more than two 
species, while the Drummuck Group is particularly rich in members of the family. 

In the Silurian Beds it is remarkable that the Penkill Group contains a greater 
abundance than the earlier Silurian horizons. 

This irregular development of specific types does not appear to be directly related 
to the lithological characters of the strata, for though the argillaceous Balclatchie rocks 
have the maximum of species, the sandy Drummuck Beds have many more types than 
the fine-grained shaly Whitehouse Group. 

On the other hand, the arenaceous Mulloch Hill and Saugh Hill Groups are very 
poor in representatives of the family, while the Penkill mudstones contain a compara- 
tive abundance of forms. 

Other factors than the coarseness of the sediments must have been at work in 
determining the relative abundance of species. It cannot be alleged that their absence 
or rarity is due to their non-preservation in a coarse matrix, for the evidence of the 
Drummuck Beds proves that sandy deposits lend themselves just as well as clays to 
their conservation. Their independence of the rock-composition is as noteworthy in 
Bohemia as in the Girvan district. 

In addition to the relative number of species on the various horizons, we must have 
regard also to the relative number of individuals of each species, as evidenced by the 
specimens in the collections. In this case, also, the maximum is found in the 
Balelatchie and Drummuck Groups. On the former horizon, H. ardmillanensis, 
AA. girvanensis, and H, immemor are represented by so many specimens that they easily 
outnumber all the other forms. In the Drummuck Beds the commonest species are 
H, (Ortho.) thrawensis and H. asteroideus, but the former is by far the most 
abundant. 

With respect to the Silurian species, there are very few examples of any of them, 
and less than a dozen have come under my notice from the Mulloch Hill and Saugh 
Hill Groups. In the Penkill Group individuals are less rare, but pteropods do not 
seem to be at all abundant members of the fauna. 

We are generally precluded from making any estimate, even with approximate 
accuracy, of the actual relative abundance of species and individuals of any zoological 
group of fossils in the beds deposited at a given period, the obstacles being the paucity 
of material and the unsystematic method of collecting, or accidental manner by which 
most museums have obtained their fossils. But in this case Mrs Gray’s regular visits and 
careful collecting from the sgme district and horizons for many years past justify us in 
considering the above conclusions as to the proportional distribution of the Hyolithide 
in the beds of the Girvan area to be a closer approximation to the truth than usual. 
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RELATIONS OF THE GIRVAN HYOLITHIDH TO THOSE OF OTHER AREAS. 


It is a remarkable fact that all the Girvan species, except one or possibly two which 
occur in Co. Tyrone, appear to be peculiar and new. After a careful comparison 
with all the well-known English and Welsh species, it does not seem possible to regard 
any as identical, and the relationship of any of them is not very close. Many, however, 
of the Girvan forms are allied to Scandinavian ones, of which we have such a full and 
detailed knowledge owing to Hotm’s memoir. A few show affinities with Bohemian 
species. It may be noticed that amongst the Girvan Conularie, Miss SLaTER * 
recognised one species identical with a Scandinavian form, and more than one possessing 
considerable affinities with those from that region. 


CoNCLUSION. 


By the foregoing study of the Hyolithide the Girvan area is seen to contain an 
unusually rich and varied assemblage of members of the group. The interest of 
them is heightened by the local restriction and peculiarity of the species, and by the 
frequently good state of preservation of the material, which renders it possible to define 
their characters with greater precision than is usual in dealing with members of the 
same group from other British localities. 


EXPLANATION OF PLATES. 


Puate I. 


Figs. 1-6. Hyolithes ardmillanensis. 1, ventral face; 2, dorsal face; 2a, cross-section; 3, dorsal face ; 

4, ventral face ; 5, dorsal face ; 6, operculum. (All x 2.) 

»  (-9a. Hyolithes asteroideus. 17, ventral face; 7a, cross-section; 8, dorsal face; 9, ventral face ; 
9a, cross-section, (All x 2.) 

» 10-13. Hyolithes candidus. 10, dorsal face; 11, 12, ventral face (all x 24); 13, ornamentation of 
ventral face (x 5). 

», 14-14d. Hyoltthes columbanus. 14, dorsal face; 14a, side view ; 140, ventral face ; 14c, cross-section 
(all x 2); 14d, portion of dorsal face near lip (x 3). 

», 15-l7a. Hyolithes girvanensis. 15, ventral face; 16, dorsal face; 17, 17a, dorsal and ventral faces of 
same shell. (All x 24.) 

», 18-21. Hyolithes immemor. 18, 18a, dorsal face, impression and cast; 19, dorsal face; 20, ventral 
face (three-quarter view, right side) ; 21, dorsal face. (All x 24.) 


Prate II. 
Fig. 1. Hyolithes immemor. Operculum (x 24). 
Figs. 2-26. Hyolithes multipunctatus, 2, ventral face; 2a, cross-section (both x 2); 2b, ornamentation 


(x 3), 
», 3-5. Hyolithes penkillensis. Dorsal faces (x 24). 


* Starter, Mon. Brit. Conularie (Paleont. Soc.), 1907, pp. 16, 21, 31. 
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Hyolithes subcrispatus. Dorsal faces ( x 2). 

Hyolithes sylvestris. 9, dorsal face (x 24); 9a, portion of surface (x 5). 

Hyolithes (Orthotheca) subexcavatus. 10, dorsal tace; 10a, cross-section; 11, side view of 
ventral face (all x 24); 12, portion of surface of ventral face (x 5). 

Hyolithes (Orthotheca) subornatus. 13, ventral face ( x 24); 13a, portion of surface of ditto 
(x 5); 14, interior from dorsal side (x 24); 15, ditto (x 2). 

Hypolithes (Orthotheca) thraivensis. 16, side view; 17, dorsal face; 18, ditto; 19, ventral 
face; 20, side view of ventral face; 21, cross-section; 22, ventral face; 23, ditto; 
23a, cross-section. (All x 2.) 

Hyolithes (Orthotheca) thraivensis, var. granuliferus. 24, impression of ventral face (x 23); 
24a, portion of surface of ditto (x 5); 25, cast of same specimen (x 25). 

Ceratotheca ‘subuncata, Side views (x 2). 


Puate III. 


Ceratotheca % balelatchiensis. 1, side view; 2, ventral view; 3, ditto, showing apex. 
(All x 2.) 

Pterotheca drummuckensis. 4, cast; 5, impression showing internal plate. (Both x 2.) 

Pterotheca girvanensis. 6, showing internal plate ; 10, showing marginal projection of carina ; 
11, internal cast ; 12, impression of part of exterior; 13, showing internal plate (all x 2). 
6-10 from Balelatchie ; 11-13 from Ardmillan. 

Pterotheca multidecorata. 14, 15, 16 (all x 2); 15a, portion of surface ( x 5). 


. Pterotheca simplex. 17a, cross-section; 17, 17a (all x 23). 


Pierotheca mullochensis. (All x 2.) 
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X.—Report upon the Anatomy and Embryology of the Penguins collected by 
the Scottish National Antarctic Expedition, comprising: (1) Some Features 
in the Anatomy of the Penguin; (2) The Embryology of the Penguin: A 
Study in Embryonic Regression and Progression. By D. Waterston, M.A., 
M.D., F.R.C.S.E., and A. Campbell Geddes, M.D. (From the Laboratory of 
the Anatomical Department, ‘he University, Edinburgh.) (With Three Plates.) 


(MS. received March 11, 1909. Read February 3, 1908. Issued separately October 21, 1909.) 


Among the specimens collected by the Scottish National Antarctic Expedition and 
brought back to this country was a series of the embryos of penguins of various species, 
collected at different stages of development by Mr R. N. Rupmosr Brown and Dr J. H. 
Harvey Pirin. These embryos were, for the greater part, of the species Gentoo 
(Pygoscelis papua, Forst.), the remainder of the species Adelia (Pygoscelis adelia, 
Hombr. and Jacq.). Two Emperor penguins, which had been preserved for examination 
by the injection of the blood-vessels, were also brought home. Through the kind- 
ness of Dr W. 8. Bruce these specimens were entrusted to one of us (D. W.) for 
examination and report, but as the work involved in this proved to be very 
extensive, Dr A. CamMppELL GEDDES was asked to undertake a share in it, and this 
he agreed to do. 

This report contains the results of the combined investigations. 


PART f. 


ON THE ANATOMY OF THE ADULT PENGUIN. 


INTRODUCTORY. 


Upon the return of the Challenger Expedition to this country, the late Professor 
Morrison Watson had handed over to him the valuable collection of adult penguins 
which had been made, Upon these he based his classical memoir, ‘“‘A Report on the 
Anatomy of the Spheniscide collected during the Voyage of H.M.S. Challenger” 
(Challenger Reports, vol. vii. p.1). To that report little, if anything, can be added. 
There are, however, two points which a detailed dissection of the adult penguin has 
brought to light, which seem to us to be worthy of being placed on record. These are, 
first, the peculiarities of the cervical portion of the vertebral column ; second, some points 
in connection with the arrangement of the fascial layers. in relation to the pectoral 
muscles. In all the other points illustrated by our dissections we can merely corrobo- 


rate the description given by Professor Watson. 
TRANS. ROY. SOC. EDIN., VOL, XLVII. PART II. (NO. 10). 33 


224 DR D. WATERSTON AND DR A. CAMPBELL GEDDES ON EMBRYO PENGUINS 


Section I.—-Some PECULIARITIES OF THE CERVICAL PORTION OF THE 
VERTEBRAL CoLUMN. 


The cervical vertebree are thirteen in number: the portion of the vertebral column 
which they make up is remarkable for the development of its antero-posterior curves. 
In the lower half there is an extraordinary antero-posterior curve the convexity of 
which is directed forward ; in the upper half there is a second antero-posterior curve the 
convexity of which is directed backward. 

These curves are present in all birds ; in none, however, do they approach in intensity 
the curvatures found in the penguin. The lower curvature is so pronounced that the 
bodies of the vertebrae come in contact with and fill up the angle formed by the limbs 
of the clavicle, and, in the living bird, actually cause a projection on the front of the 
neck. Asa result the trachea and cesophagus, instead of passing into the thorax in 
front of the vertebral column, are pushed away to the right side and actually le on a 
plane posterior to the vertebree of the convexity. The knowledge of this extraordinary 
condition is not new; it is fully described by Professor Watson, but the point seems to 
have been entirely overlooked, for in all the specimens in museums that we have had 
the opportunity of seeing the cervical vertebree are incorrectly mounted. 

Professor Morrison Watson was of opinion that these curvatures were associated 
with the maintenance by these birds when on land of the erect attitude, and that they 
served to bring the centre of gravity of the head and neck over the base of support 
formed by the feet. To us it appears more probable that the curvature is useful to the 
bird when in the water, giving it a greatly increased displacement forward and reducing to 
a minimum the fatigue of carrying the head and heavy beak in the long ocean voyages 
which it undertakes. These may apparently be very prolonged, for the birds have been 
seen no less than 600 miles from land. 


Section [I].—Somer PECULIARITIES IN THE ARRANGEMENT OF THE FascraL LAYERS 
IN RELATION To THE PECTORAL MUSCLES. 


The most striking feature with regard to the pectoral muscles is their enormous 
size and power. There are four muscles belonging to this group: first, the pectoralis 
major; second, the dermo-humeralis (muscle des parures) ; third, the pectoralis medius ; 
fourth, the pectoralis minor. ‘The origins and insertions of these muscles are given in 
detail and with great accuracy by Professor Morrison Warson. Their action is not 
without interest. The pectoralis major is divided into two distinct parts: an anterior 
which arises from the clavicle and from the outer surface of a strong aponeurosis 
which separates it from the medius and is inserted through a special tendon into the 
whole length of the anterior or radial margin of the bones of the wing, and by an 
aponeurotic extension from the tendon which covers both surfaces of the wing and 
conceals the blood-vessels and nerves, and a posterior which terminates in a V-shaped 
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tendon inserted into the humerus. These two portions have different actions; the 
anterior carries the wing forward to a position at right angles with the trunk, while the 
posterior draws the limb back in the effective part of the swimming stroke, and by its 
insertion into the anterior margin of the humerus it “ brings about that rotation of the 
wing round its long axis which, combined with the backward stroke, gives rise to the screw- 
like motion of the organ observable when the bird is progressing through the water.” * 

The nerve supply is provided for by a special branch from the large cord of the 
brachial plexus. 

The dermo-humeralis arises from a strong fascia which covers the external oblique 
muscle ; at the posterior margin of the sternum it is reinforced by a number of fibres 
arising from the subcutaneous tissue covering the knee joint. It passes forward parallel 
to the outer border of the pectoralis major to be inserted along with the posterior fibres 
of that muscle into the anterior margin of the humerus. Its action apparently is to 
co-operate with the external part of the pectoralis major in depressing the wing. It is 
supplied by a twig from the nerve to the pectoralis major. 

The pectoralis medius passes over a pulley formed by the bones of the shoulder and 
acts as the great elevator of the wing; by some authors it has been called levator 
humeri. It also is supplied by a twig from the nerve to the pectoralis major. 

The pectoralis minor is inserted into the outer margin of the tricipital fossa ; its 
chief action appears to be to rotate the humerus in a direction opposite to that of the 
rotation produced by the action of pectoralis major. In addition, however, it must help 
in producing the effective, propulsive stroke of the wing. Its nerve of supply is a twig 
from the nerve to pectoralis major. 

The arrangement of the fascia in regard to these muscles is striking and, peculiar. 
Tracing the deep fascia of the neck downwards, it passes deep to the clavicle, to which 
it is lightly attached; and, passing to the thoracic region, it lies superficial to the 
pectoralis medius and minor and becomes continuous with the strong fascia which 
covers the external oblique. Superficial to this fascial layer lie the pectoralis major and 
dermo-humeralis, and from it they both obtain a portion of their origin. The super- 
ficial aspects of pectoralis major and dermo-humeralis are in close contact with skin—so 
close, indeed, that they are marked by regular rows of pits which accommodate the 
rounded ends of the feather quills. 

From this arrangement it appears to us possible that the dermo-humeralis, pectoralis 
major, and clavicle are in reality cutaneous structures. That the dermo-humeralis is in 
series with the dorsal cutaneous muscle and panniculus carnosus is certain; that it is 
closely associated with the pectoralis major in position, in action, and nerve supply is 
also certain; but whether the pectoralis major can justly be associated with the same 
group is, on the present evidence, not certain, although it appears to us probable. Un- 
fortunately the evidence from nerve supply is so weakened by the association of 
pectoralis medius and minor with the same nerve as to be valueless. 


* Quoted from Professor Morrison WaArSON’s memoir. 
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The suggestion that the pectoralis major is in reality a cutaneous muscle seems to 
us to be not without interest in view of the occasional occurrence in man of the 
abnormal muscle, sternalis. Sir Wituiam TurNeER has suggested that it is to be 
regarded as a vestige of the panniculus carnosus. Professor D. J. CunnincHAM has 
pointed out that there is considerable evidence to show that it is formed by a devia- 
tion or dislocation of a portion of the pectoralis major; Mr F. G. Parsons has shown 
that in rodents the panniculus carnosus possesses two strata, and that there is 
evidence to show that in man the deeper stratum of the panniculus forms the fascial 
sheath over the external oblique and that possibly a portion of the sterno-mastoid is 
derived from the same stratum. THe has also shown that there are good reasons for 
regarding the pectoralis major as derived from the panniculus. To these observations 
we now add the facts of the anatomy of the penguin, which appear to us to suggest that 
the apparently antagonistic views of Sir Writ1aM TuRNER and Professor CunNINGHAM 
are in reality not opposed, but complementary. 


PART II. 
ON THE EMBRYOLOGY OF THE PENGUIN. 


INTRODUCTORY. 


As has been shown, the anatomy of the adult penguin has been previously very 
completely described, and little remains to be added to complete our knowledge of it. 

Of the embryology, on the other hand, the existing knowledge is incomplete, owing 
presumably to the great difficulty in bringing back the necessary material in a con- 
dition which allows of a detailed examination being made. A small number of 
embryos was collected by the Challenger Expedition, but the condition in which they 
were received by Professor Morrison Watson rendered them useless for description. 

The material which was put into our hands consisted of a number of specimens each 
one of which had been removed from its egg upon a different day of incubation. It 
would, therefore, appear that we had a specimen for each 24 hours of development. In 
one sense this was so, in another not. The method of collection which was of necessity 
adopted was as follows :—The nest was watched, and the eggs were marked with the 
date of their first appearance and were subsequently collected upon the desired day. 
The difficulties of so doing and the fallacies necessarily attendant upon it are obvious. 
First, it was quite impossible for the observer to know in which of the 24 hours preced- 
ing the marking the egg had been laid; secondly, it is known to be no uncommon thing 
for the males and females to fight for possession of their egg and for the privilege of 
incubating it. In the course of these struggles the eggs are apt to be dropped and to 
lie for some time directly upon the ice. The result of this must be to retard for a time 
the processes of development, and therefore, although an egg may have been laid for 3, 
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6, 9, or 12 days, it does not follow that the development has been proceeding for the 
same number. 

Be this as it may, we found it necessary, especially in dealing with the early 
specimens, to revise the sequence of specimens so as to avoid the absurdity of embryos 
of an obviously earlier stage of development being classified as older than specimens 
of a later stage. The number of days of incubation is, according to the series of 
specimens, thirty. This is surprisingly short, and as there are some obvious gaps 
in the series, we are not prepared to express an opinion as to whether it is correct 
or not. 

The embryos were preserved in 24 per cent. formalin, and we desire to place on 
record our sense of real obligation to the collectors for the care and trouble which they 
took, and for their great skill in packing the specimens, which alone is responsible for 
the excellent state of preservation in which many of these exquisitely delicate specimens 
were when put into our hands. 

As a result of the long time which elapsed between the date of collection and 
examination and of the prolonged immersion of the specimens in formalin, it has not 
been possible to carry out, satisfactorily, any very fine histological examination nor to 
determine with absolute accuracy the exact date of the first appearance of the primary 
ossific centres, the formalin, apparently, having exercised a slight decalcifying action. 
Our investigations have, therefore, of necessity been somewhat restricted, and many 
important problems in connection with the development of the penguin remain unsolved. 

In dealing with the embryology of the penguin the following points seemed to us 
important :— 

1. The enormous length of time through which the penguin has persisted without 
undergoing important modification, In the Quart. Journ. Geol. Soc., vol. xv. p. 670, 
Professor Huxtey described a penguin of large size whose remains were obtained from 
the pliocene strata of New Zealand. For the reception of this bird he established the 
genus Palzeudyptes. 

It is exceedingly doubtful whether the establishment of a new genus was necessary, 
and Professor Morrison Watson in his report on the anatomy of the Spheniscide 
(Challenger Report, vol. vii. p. 46), expresses. the opinion that this pliocene bird 
might very well be regarded as belonging to a species of the existing genus Eudyptes. 

From the outset, therefore, we were prepared to meet with some peculiarities of 
development of a more primitive avian type than that obtaining in modern birds. 

2. The enormously high specialisation undergone by the forelimb of the penguin in 
the course of which it has been transformed from an organ of erial to an organ of sub- 
aqueous flight. 

3. The modification undergone by the cervical spine to secure sufficient water dis- 
placement anteriorly to carry the head and heavy beak without fatigue during the long 
ocean voyages which the penguins undertake. 

4. The skeletal arrangements necessitated by the quasi-erect attitude. 
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Metuops or EXAMINATION. 


The earlier specimens were prepared for examination by being stained in borax 
carmine or alum carmine and mounted entire. Duplicate specimens for examination 
by section were not available. The later specimens were cleared so far as possible, 
but owing to the long immersion in formalin the clearing did not yield very satisfactory 
results. A figure illustrating the development of the limb bones is included among the 
illustrations (fig. 26). The decalcifying action of the formalin has, unfortunately, 
made any definite statements as to date of appearance and order of appearance of the 
ossific centres impossible, and we have had to content ourselves with the negative 
observation that no unusual or abnormal processes or sequences were to be observed, 
although such were looked for as carefully as the material available would permit. 

In order to carry out a comparison regarding the dates of.acquisition of the external 
adult features and the progressive development of the limbs and trunk during the 
later stages of development, we found it necessary to provide a control by carrying out 
observations on the same lines upon the embryo of another genus of birds. 

Data for this purpose were not available in the literature, and we therefore prepared 
and examined, by methods identical with those used for the penguins, a series of duck 
embryos at every 24 hours of incubation. The period of incubation in the duck (28— 
30 days) approximates sufficiently closely to that of the penguin (30-32 days %) to 
enable comparisons to be drawn with accuracy between embryos of corresponding age 
taken at each 24 hours. 

The data which we obtained appear to be new, and we have, therefore, included an 
account of the external form and the measurements of the embryo-duck with those of 
the penguins. 


Section I].—Haruy Sraces oF DEVELOPMENT. 
EMBRYOS SHOWING EARLY STAGES, COMPRISING SPECIMENS UP TO THE TWELFTH DAY. 


Specimen I.—In the first of these, which was the youngest specimen examined, 
there was an oval area pellucida measuring 3 mm. in length on the surface of the 
blastoderm. This specimen illustrates the earliest stage after the close of segmentation 
before the formation of the primitive streak, and it closely resembles in size and shape 
the corresponding area in the ovum of the chick and the duck. No area opaca could be 
made out, nor was there any sign of the embryonic shield. The shape of the area 
pellucida is comparable to that seen in the blastoderm of the chick at about 18 hours, 
but in the absence of primitive streak and embryonic shield it resembles the chick 
blastoderm at the commencement of segmentation. 

Specimen IT. (fig. 1).—The second specimen showed a more advanced stage. The 
germinal area was somewhat pear-shaped. At its wider end was a narrow, semi- 
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circular, deeply marked line running round the periphery of the clear area, This line 
appeared to be the commencement of the amniotic fold. Behind this line was a 
narrow area in which there were a few dark spots, which marked apparently an early 
stage of the formation of a vascular area. ‘his area, in turn, merged into a crescentic 
clear area which was limited on the opposite side by a short crescentic dark line 
parallel to the first line. This line occupied the central part of the wider end of the 
clear area, and lay across it, and it appeared to be the rudiment of a commencing head 
fold. From the concavity of this fold a darker streak passed for a short distance 
backwards towards the narrow part of the clear area, and this structure appeared to us 
to be an indefinite stage in the formation of the primitive streak. 

Specomen ITT. (fig. 2).—This specimen resembled that of the chick of 22 hours. 
The head fold was well formed, and behind it lay the medullary folds. These diverged 
from one another at their posterior extremity, and behind them lay the remains of the 
primitive streak stretching to the posterior end of the clear germinal area. The 
primitive streak had the form of two narrow dark lines, enclosing between them a 
narrow Clear streak. 

Specomen IV. (fig. 3).—Labelled as 3 days.—The embryo was now 3 mm. in length 
and presented well-formed medullary folds, a notochord, seven pairs of somites, and also 
the remains of the primitive streak which was separated by a narrow clear area from the 
posterior end of the notochord and extended for a distance of 1 mm. behind it. The 
appearances were very similar to those of the chick at 25 hours. The medullary folds 
were as yet ununited, but showed at the cephalic end evidence of distinct thickening, 
while at the posterior ends they diverged from one another in a V-shaped manner. The 
notochord could be traced as far forward as the cephalic enlargements (but this part of 
the embryo was rather damaged), while posteriorly it terminated in a club-shaped 


enlargement. 

Specumen V. (fig. 4).—The succeeding specimen, labelled as being 5 days, 
showed a slightly more advanced stage of the same condition, closely similar to the 
chick at 26 hours. 

The embryo measured 3°5 mm. in length, and nine pairs of somites were present. 
The posterior end of the notochord was enlarged and shaped like an Indian club, and 
extended beyond the termination of the medullary folds, which diverged outwards on 
either side of it. Behind this extremity was a clear area, and behind it again lay two 
short parallel dark lines, the representatives of the primitive streak. 

The cephalic ends of the medullary folds were considerably enlarged, to form the 
cerebral vesicles. These vesicles were not distinctly marked off from one another, but 
the anterior part was bent forwards, to form the earliest cephalic flexure. In front of 
this again was a narrow clear crescentic area—the pro-amniotic region. 

Specomen VI. (fig. 5).—Labelled 6 days.—The next specimen was somewhat 
larger, measuring 6 mm. in length. Twelve pairs of somites were present, and the 
neural folds were larger, and had apparently united with one another at the fourth 
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somite. The folds approached one another closely at the posterior end, and in that 
region they enclosed a clear area, shaped like an arrow head, in which lay the expanded 
posterior end of the notochord. The end of the notochord projected backwards beyond 
the medullary folds in the form of a bulbous extremity. Behind it there was no 
distinct evidence of a primitive streak. The whole of the posterior portion was 
enclosed in a clear oval area. The somites were well formed, and their internal 
structure showed them to consist of a clear central portion and a periphery or 
cortex arranged in columns radiating outwards. 

At the outer margin of the somites was a clear area in which lay a narrow darker 
line, extending along the side from the third anterior somite backwards to beyond the 
hinder somites. 

In position this structure corresponds to the primitive cardinal vein. 

The neural folds showed evidence of segmentation, being constricted opposite the 
centre of the somites, and they were united about the middle. The specimen described 
was one said to be of the sixth day, and the subsequent specimens, which showed stages 
of gradual advance, were in harmony with this statement. 

If these dates be accepted, it is obvious that the early changes in the penguin 
embryo are very much slower than the corresponding changes in the chick, for the 
same degree of development is shown in the chick of 40—44 hours. 

Specimens VII., VIII, IX., and X. (fig. 6).—Labelled 7-11 days.—These 
specimens showed that the next stages of development are very similar to 
corresponding stages in the development of the chick, and do not require detailed 
description, except in so far as they show differences from it. The head and trunk 
show gradual increase in length and in thickness. 

At the hinder end of the notochord a dark area shaped like a spear-head persists 
for some time, but eventually becomes merged in the hinder end of the trunk. 

Figs. 7, 8, and 9, which illustrate the development of the duck at 5, 6, and 7 days, 
are introduced for comparison with fig. 6, which is a photograph of a penguin embryo 
labelled as 8 days. 


Section I].—Rate oF GRowTH OF THE TRUNK AND LIMBS FROM THE 
TWELFTH Day ONWARDS. 


Our observations were directed first to an examination and measurement of the 
developing trunk and limbs. 

The observations begin with the twelfth day of incubation, which is the date of 
appearance of the limb buds upon the surface of the body. 


The details of the measurements are recorded in the appended table (Table 
No. L.), 
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NovTes upon AND CoMPARISON OF THE MEASUREMENTS. 


The measurements were analysed along several different lines. 


1. General Growth of the Trunk. 


A, Penguin.—The vertex to coccyx length of the specimen of 12 days (fig. 10), taken 
as it lay in the egg, 7.e. in a flexed position, was 15°5 mm., while that of the duck of 
corresponding age was practically twice as great, namely, 30°6 mm. In the penguin 
the rate of growth from this date onwards was fairly uniform and progressive, and the 
largest embryo, that of 30 days, measured 61°2 mm. in the same position. The 
specimen labelled as being 24 days was larger than those of 25 and 26 days, and 
among the other specimens similar anomalies were present. Taking the maximum 
measurements of specimens which seemed to be typical in their rate of growth, we 
found that the length attained at 12 days was doubled at 19 days and doubled again at 
27 days, the progression being thus almost in geometric ratio. 

The same ratio is found to exist when measurements of the breadth of the specimen 
are taken. The maximum breadth attained at 12 days was rather more than doubled 
at 19 days, and rather less than doubled again at 27 days. 

B. Duck.—The maximum length of the embryos of this species was uniformly 
greater than that of the penguin of same age. Even the largest fully developed 
penguin embryo was smaller than the largest duck embryo. At 12 days (fig. 20) the 
duck embryo was almost exactly twice as long as that of the penguin of corresponding 
age. The rate of growth from this date onwards, as ascertained by the same criteria 
as in the case of the penguin, was, however, much slower than in that creature. | 

At 19 days the length had increased only by rather less than one-half, 7.c., was 
4°36 cms. as against 3°06 ems., and not until the 23rd day of incubation was the length 
doubled, and from this time until the end of incubation the increase again was rather 
more than half, from 43°6 mm. to 76°38 mm. The breadth figures showed a rate of 
growth very similar to that found in the penguin. The breadth at 12 days was 10 mm., 
and this figure was practically doubled at the 19th day and almost doubled again at 
the end of incubation. 


2. Rate of Growth of Different Segments of the Trunk. 


Pengwin.—Analysing the rate of growth of the different segments which make up 
the vertex to tail measurement, the head segment is found to increase slowly at first, 
but grows rapidly in the last few days, while the neck increases rapidly through all 
stages. 

The growth of the trunk and tail follows the general rate of the whole body, the 
length attained at 12 days being doubled at 19 days, and doubled again at 27-28 days. 


The figures for the head are modified by the fact that measurements were taken 
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from the tip of the beak, and consequently the increase in total length is found to be 
greatest in the last few days, when the beak elongates rapidly, while the figures 
obtained for the growth of the head in width show a more gradual and regular increase, 
comparable to the rate of growth of the trunk. 


3. Growth of the Inmbs. 


A, Penguin.—Fore Limbs.—The first appearance of the fore limb had the form 
of a bud-like projection from the lateral aspect of the trunk (fig. 10). This process at 
first was somewhat spatulate, and then rather bulbous at its free end (figs. 11 and 18). 
This shape was in turn soon lost, and the limb rudiment assumed the characteristic 
sickle-shaped form found in the adult bird (figs. 15 and 17, 19 and 23). The two 
seoments of the arm were soon clearly to be recognised and were separately measured. 

The measurements taken were those of the anterior border of the upper segment, 
together with the anterior border of the forearm from the elbow to the tip. At 12 days 
the total length was 4 mm., made up of 1'1 mm. of upper segment and 2°9 mm. of the 
lower. 

At 19 days the length was 13°9 mm. and at 27 days 29°7 mm. ‘The rate of growth, 
therefore, had been such that the length of the limb was more than trebled in the first 
period, and was more than doubled in the second. Both segments shared the growth, 
and did so in fairly equal proportions throughout. 

Lower Iimb.—The portion of the lower limb which was free from the coverings of 
the trunk was measured in one or in two pieces, as the size permitted. At 12 days 
it measured 5°4 mm., at 19 days 18°1 mm., and at 27 days 36°2 mm. In the first 
period the length was more than trebled, and in the second it was again doubled, 
showing a rate of growth almost exactly similar to that found in the upper limb. 

B. Duck.—In the duck corresponding measurements showed that at 12 days (tig. 20) 
the fore limb measured 15°3 mm. and was nearly four times as long as in the penguin. 
At 19 days the length was almost doubled (28°5 mm.), and at the end of incubation it 
had only added one-third to its length (37°5 mm.). The lower limb, measured in a 
similar way at 12 days, was 22 mm. in length, again four times as long as in the 
penguin, and in the specimen of 20 days it was more than doubled, and at the end of 
incubation it was almost doubled again. 

If the proportion which the length of the limbs bears to the total length of the 
body be examined, it is found that in the penguin the fore limb at 12 days is almost 
one-fourth of the body length, that it increases rapidly for a few days until it measures 
nearly one-half of the length of the body, and maintains approximately this ratio tiil 
near the end of the incubation period, when it progresses rapidly and assumes a ratio 
of rather more than two-thirds of the body length. 

In the duck the ratio at 22 days was one-half, and this proportion became rather 
larger, but eventually again became nearly one-half. 
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Tasie I].—Vertex to Coccyx Lenetru, THE LenctH or Limps AND THE RATIO BETWEEN THEM, 
THE FORMER BEING TAKEN As l. 


Length of Lower 
eee Tener eae yadon: Sant Index, 
Days. 

Penguin. | Duck. | Penguin, | Duck. | Penguin, Duck, | Penguin. | Duck. Penguin. Duck. 
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Synopsis oF RESULTS FROM COMPARISON OF THE MEASUREMENTS OF THE PENGUIN 
AND Dock. 


1. Length of Trunk. 


At early stages the length of the trunk of the penguin is much less than that of 
the duck of corresponding age—the proportion being that the penguin at the 12th 
day is almost exactly one-half of the length of the duck at the same age. 

As development proceeds the penguin grows more rapidly, until at the end of 
incubation the penguin is only fractionally shorter than the duck. 


2. Length of Fore Inmb. 
At corresponding dates after the limbs first appear the fore limb of the penguin is 
only about one-fourth of the length of that of the duck. 
Its growth subsequently is much more rapid, and at the three weeks it is almost 
the same size, and at the end of incubation it exceeds in length the duck’s fore limb, 
in some specimens by as much as one-quarter. 


3. Lhe Ratio of Length of Upper Limb to Trunk. 


At the 12th day of incubation the fore limb of the penguin measures approxi- 
mately in length one-fourth (index, *25) of the length of the trunk, while in the duck 
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the limb is equal to one-half of the length of the trunk (index, °50). The ratio of 
growth of the fore limb in the penguin is continuous and progressive in relation to the 
ratio of growth of the trunk. 

Towards the end of the third week it measures one-half of the length of the trunk 
(index, 21st day, *50), and at the end of incubation it measures two-thirds (index, °69) of 
the length of the trunk. 

In the duck, on the other hand, the length at first increases relatively to the trunk, 
attaining in one specimen, at the end of the third week, a maximum ratio of over two- 
thirds (index, 19th day, °67); but thereafter it slowly loses ground, and at the close of 
incubation the fore limb is less than one-half the length of the trunk. 


4, Hind Inmb. 


A. Absolute Length.—In the penguin at the 12th day of incubation the hind 
limb is also one-fourth of the length of the hind limb of the duck, the ratio being very 
similar to that between the upper limbs of the two animals. In the penguin’s limb, 
however, growth is more rapid, with the result that at the end of the third week the 
hind limb has reached a length equal to nearly one-half of the length of the hind 
limb of the duck of corresponding age, and at the end of incubation it is rather more 
than half as long as the corresponding part in the duck. 


5. Ratio of Length of Lower Inmb to that of the Trunk. 


At the 12th day in the penguin the length of the lower limb is approximately 
one-third of the length of the trunk (index, °34), but the rate of growth is more rapid, so 
that at the end of incubation it is nearly as long as the trunk (index, 28th day, °82). 

In the duck the limb at 12 days is rather more than two-thirds of the length of 
the trunk (index, ‘71), at the 18th day it is nearly as long as the trunk (index, °92), 
and thereafter it continues to increase at a rate relatively rather greater than the trunk, 
so that at the end of the third week it becomes actually longer (index, 22nd day, 1°13), 
and retains this superiority to the end of incubation. 

In this respect, @.e. in the rate of growth from the 18th day, it is the exact reverse 
of the fore limb—it continues to increase in length relatively to the trunk, whereas the 
fore limb actually shows a relative decrease. 


ANALYSIS OF RESULTS. 


Among the four limbs examined there are, therefore, two types of development. 

First, there is a progressive type, and to this the development of the fore and hind 
limbs of the penguin and of the hind limb of the duck belongs. 

Second, there is a partially regressive type, and to this the development of the fore 
limb of the duck belongs. 


OF THE SCOTTISH NATIONAL ANTARCTIC EXPEDITION. 237 


Now, if it be true that ontogeny is an abbreviated recapitulation of phylogeny we 
are forced to conclude that the fore limb of the penguin is a progressive structure, the 
fore limb of the duck, partially at least, a regressive. The reason for this, doubtless, 
is that the mesoblastic portion of the duck’s wing has, with the advancing specialisation 
and adaptation of the epiblastic structures, become less valuable. To all flying birds 
feathers, not bone and muscle, are of prime importance in securing wing spread for 
aerial flight: for the penguin, on the other hand, a rigid bony paddle has been evolved, 
adapted to resist the pressure of the water to which it is subjected when the bird’s 
great pectoral muscles are in strenuous action. 

And we thus are led to the interesting conclusions :— 

1. That the mesoblastic structures in the penguin’s 
epiblastic regressive. 

2. That the mesoblastic structures in the duck’s wing are regressive, the epiblastic 
progressive : for in the development of the duck we find that the developmental energy 
is suddenly on the 17th day switched off, as it were, from the mesoblastic structures on 
to the epiblastic ; for from that day onward the down rapidly develops and the meso- 
blastic framework loses ground. 

_ With regard to these developmental facts the question arises :— 

Is the duck’s or the penguin’s wing the more direct descendant of the common 
ancestor ; or have they both diverged from the common stock approximately equally, 
but in opposite directions ? 

Embryology alone cannot answer this question, but the evidence is clear in this, 
that the fore limb of the penguin in its development goes through a progressive and 
continuous series of stages along one unbroken line. The mesoblastic portion of the 
fore limb elongates, but its characters do not alter. It elongates, however, with a 
relatively greater rapidity towards the end of development, whereas the duck’s fore limb, 
after being relatively longer than the penguin’s ever is, regresses rapidly. So that the 
answer to our question, so far as the embryological evidence is concerned, must be that 
the wings of both these birds are different from the ancestral wing, and that the 
differentiation has been in opposite directions and that the common ancestor was a 
flying bird of a somewhat primitive type depending in large measure for the spread of 
its wing upon bone and muscle. 


‘¢ 


Rorsra}, : 
wing’ are progressive, the 


Section II[].—ExTernaL ConFIGURATION OF THE EMBRYOS FROM THE 
TwetrrH Day ONWARDS. 


1. Gentoo Penguin Embryo, 12 Days. (Fig. 10.) 


The embryo was not fully formed, the brain was covered by the thinnest of mem- 
branes, the beak was short and soft, the eyes were very prominent, with dense white 
opaque pupils. The fore limb well developed ; the elbow flexure completely marked, 
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It ended in a somewhat spatula-shaped extremity. The hind limb formed a spatula- 
shaped protrusion. 


Duck Embryo, 12 Days. (Figs. 16 and 20.) 


The embryo was fully developed, the integument was strongly marked, and there 
were down papillze on two short lines at either side of the tail. The eye prominences 
were very marked; the head and beak were soft and pliable except at the point of the 
beak, where there was a small white nodule of keratin. The fore limb showed distinct 
division into upper arm, forearm and hand. The pollex was prominent. 


2. Gentoo Penguin Embryo, 13 Days. (Fig. 11.) 


The embryo was not fully formed. The head was soft and the brain showed 
through it. The beak was short, the eyes were prominent, the fore limbs were short, 
but showed plainly the elbow joint, and had a flattened, spade-like tip: to the 
naked eye there was no sign of digitation. The hind limbs were short, the ankle was 
unformed, the end was spatular and showed signs of three digits, the tail was relatively 
long and was much curved ventrally. 


Duck Embryo, 18 Days. (Fig. 18.) 


The embryo was fully formed. Down was appearing in lines on the back and sides 
of the embryo, and laterally on the neck ; otherwise as for 12 days. 


3. Gentoo Penguin Embryo, 14 Days. 


The embryo was not fully formed, the head was soft, the brain showing through it. 
The beak was short, the eyes prominent; the fore limbs short, but well formed; the 
hind limbs were short, spatular protrusions. The heart showed distinctly, shiming 
through the thin anterior wall of the thorax. The tail was relatively long and much 
curved ventrally. 


Duck Embryo, 14 Days. (Fig. 21.) 


Down papillee were seen all over the embryo, especially along the dorsal tracts and 
on the tail. The eyes were widely open. 


4. Gentoo Pengun Embryo, 15 Days. (Fig. 13.) 


The embryo was small, the beak was beginning to grow forward. The fore limbs 
were small and soft, but fully formed. The hind limb showed no division into the 
toes, but ended in flat, spatular extremities. There was no sign of the fourth toe 
independent of the flattened extremity. The tail was relatively long and curved 
ventrally. 

Duck Embryo, 15 Days. (Fig. 22.) s 

Down was appearing upon the head along a well-defined tract which looped round 

the eye from behind, | 
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5. Gentoo Penguin Embryo, 16 Days. (Fig. 14.) 


The embryo was small, the nails were not developed, so far as could be seen on 
naked-eye examination. There was a well-marked ridge down the centre of the 
abdomen and thorax. The toes did not appear beyond the web, but looked more as if 
they were embedded in it. The fourth toe appeared as if the web were continued 
round it. 


Duck Embryo, 16 Days. 


As for 15 days. Down more marked. 


6. Gentoo Penguin Embryo, 17 Days. (Fig. 15.) 

The embryo was in good condition and the fully formed integument was complete. 
The skin was marked by papillee regularly arranged. On either side of the tail there 
were several down fibres varying from 1°7 mm. in length to a length just visible to the 
naked eye. 

Duck Embryo, 17 Days. 


The down was well developed. 


7. Gentoo Penguwn Hmbryo, 18 Days. (Fig. 19.) 


This specimen was somewhat macerated. 


Duck Embryo, 18 Days. 


Embryo completely down-covered. 


8. Adela Penguin Embryo, 19 Days. 

The embryo was fully formed, the integument was complete. There was a well- 
marked median groove over the abdomen and thorax, and from it on either side 
extended twelve transverse grooves. The body was completely naked except for eight 
fibres on the tail (four on either side of the median line). 


9. Gentoo Penguin Embryo, 19 Days. 


The embryo was fully formed, and the integumentary covering was complete. 
There were no transverse grooves on the abdomen. 


10. Gentoo Penguin Embryo, 20 Days. 


The embryo was fully flexed and completely devoid of down. The integument over 
the abdomen was not quite complete. A bare area in length ‘28 em. and in breadth 
at base ‘07 em. extended forward in front of the umbilicus. There were no transverse 


grooves*on the abdomen. 
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11. Gentoo Penguin Embryo, 21 Days. 


The embryo was completely flexed; the limbs were completely formed. The 
integument over the abdomen was incomplete; a triangular area 1'23 cms. in length, 
‘07 em. in breadth, extended forward in front of the umbilicus and was continued over 
the front of the thorax as a well-marked groove from which on either side extended 
twelve transverse grooves. 


12. Gentoo Pengun Embryo, 22 Days. (Fig. 17.) 


The limbs of the embryo were complete; the integument over the abdominal 
regions was incomplete. An area 1:04 cms. in length and ‘09 cm. in breadth at the 
umbilicus, gradually tapering to a point, was undeveloped. The head and body were 
entirely naked. The eye prominences were very marked; the skull and beak were soft 
and pliable. There were five transverse grooves on the abdomen. Flexion was 
incomplete. 


13. Gentoo Pengun Embryo, 23 Days. 


The embryo was not quite fully developed, the integument being incomplete. On 
the anterior abdominal region—anterior to the umbilicus—a very acute isosceles 
triangle persisted uncovered, the sides of which measured 1°19 cms., the base *12 em. 
The eye prominences were very marked, the skull and beak were soft and pliable. A 
few short pieces of dark down had developed on the head; the rest of the body was 
absolutely naked. There were no transverse grooves on the abdomen; flexion was 
incomplete. 


14. Gentoo Penguin Embryo, 24 Days. (Fig. 23.) 


The embryo was fully developed. The prominence of the eye-balls was well marked 
and the eye-slit was open, 18 ems. long; its width at its broadest part when stretched 
was ‘08cm. The head was covered with dark down, and on the back and body there 
was a sparse covering of light-coloured down considerably more than on the 25-days’ 
embryo. The middle line of the front of the abdomen showed a deep groove from which 
extended across the abdomen, on either side, six well-marked transverse grooves. The 
feet and tail had now assumed the adult relations, and formed the peculiar flat base 
which is characteristic of the adult bird and permits of its adopting the quasi-erect 
attitude habitual to it. 


15. Gentoo Pengun Embryo, 25 Days. (Fig. 24.) 


The embryo was fully formed. The prominence of the eye-balls was well marked. 
The eye-slit was small, the beak was soft, and the head was sparsely covered with short 
black down on the back. The body was fully flexed ; the spine formed a semicircle from 
tail to head. There was a well-marked median groove on the front of the abdomen 
and thorax, from which extended transversely on either side eight well-marked grooves. 
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16. Gentoo Penguin Embryo, 26 Days. 


The embryo was fully formed ; the eyes looked large and prominent ; the beak was soft. 
The head was covered with short black down ; the rest of the body was practically naked. 
Along the middle line of the abdomen, from the umbilicus to the root of the neck, was a 


well-marked groove. 


17. Gentoo Penguin Embryo, 27 Days. (Fig. 25.) 

The limbs of the embryo appeared fully formed. The feet were flexed over the front 
of the abdomen, plantar surface outwards. The upper limbs lay close to the side and 
over the abdomen under cover of the feet. The neck was flexed so that the beak lay along 
the right side of the abdomen immediately internal to the right superior extremity. 
Down was plentifully present on the head and back, shading from almost black over the 
head to a light slate grey over the sacral region. The down on the abdomen and anterior 
aspect of the thorax was sparse and light in colour. The middle line of the body in 
front was marked by a very evident ridge in the lower part, flanked on either side by a 
groove. These grooves coalesced in the upper part of the abdomen and were continued 
over the thorax as a median depression. ‘This could be traced as high as the root of the 
neck, where it was lost. 


18. Gentoo Penguwn Embryo, 28 Days. 


The embryo appeared fully formed and was in a fully flexed position, so that the 
under surface of the mandible was pressed firmly against the thorax and abdomen ; the 
beak lay in a groove formed by the right fore limb and left hind limb. The head was 
covered with a dark grey, almost black, down ; the back with slate coloured, the abdomen 
with white. The back of the head had been flattened by pressure. 


Duck Embryos, 19-28 Days. 


The adyance was purely one of body bulk. The amount and directions of growth 
are shown by the measurements of the specimens. (See Table I.) 


19. Gentoo Pengun Embryo, 30 Days. (The specimen in fig. 25 closely 
resembled this older specimen, but was rather smaller.) 


The embryo appeared fully formed and was in a fully flexed position, so that the under 
surface of the left side of the head was pressed against the thorax, the beak lying to the 
right side of the abdomen between the right fore limb and the foot of the left hind limb 
anteriorly and the right hind limb posteriorly. The head and back were covered with 
slate-coloured down, the belly with white down. In the flexed position the greatest 
length was 5°71 cms., the greatest breadth 3:05 cms. In the extended position the 
length from the crown of the head to the tip of the tail was 8°41 ems. When measured 
separately the head was 2°55 cms. in length, the neck 1°85 cms. ; the body and tail 
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together 5°51 cms.—giving a total length of 9°91 cms. The 1°5 cms. of difference (9°91 
ems. — 8°41 ems.) is accounted for by the marked spinal curves which immediately asserted 
themselyes on extension, a lumbo-thoracic curve ventrally concave, a cervical curve 
dorsally concave. 


SUMMARY AND CONCLUSION. 


Part I,—Anatomy of the Adult Pengwn. 


1. The cervical portion of the vertebral column is possessed of a curve of extra- 
ordinary convexity which causes the vertebral bodies tu form a visible bulging on the 
front of the neck. This convexity we regard as useful to the birds by increasing water 
displacement anteriorly and permitting of the head and beak being carried without 
undue fatigue on the long ocean voyages which the birds undertake. The furcal angle 
being occupied by the vertebral bodies, the trachea and cesophagus enter the thorax on 
a plane posterior to the cervical spines. This curvature of the column and arrangement 
of the viscera is permanent and characteristic of the adult bird. 

2. The arrangement of the fascial layers in relation to the pectoral muscles suggests 
that the pectoralis major and clavicle are in reality cutaneous structures. It was found 
impossible from the embryological material at our disposal to prove or to disprove this 
suggestion. 


Part II.—Embryology of the Pengwn. 


1. The number of days of incubation is, according to the series of specimens, thirty. 
This is surprisingly short, and as there are some obvious gaps in the series, we are not 
prepared to express an opinion as to whether it is correct or not. 

2. The early stages of development are exactly comparable to the corresponding 
stages of the chick or duck, though, if the dates of our specimens be correct, they take 
place more slowly. 

3. The later stages of development are exactly comparable to the corresponding 
stages of the duck except with regard to the down, the fore limb, and the foot. 

4. The foot of the penguin is, throughout its development, exceedingly clumsy and 
primitive, as is the foot of the adult; the foot of the duck, from its earliest appearance, 
assumes a lighter and neater appearance, and is adapted as a paddle, which the foot of 
the penguin is not. 

5. The fore limb of the penguin is, in its mesoblastic structures, definitely progressive, 
whereas the mesoblastic portion of the duck’s wing is relatively regressive. Both, 
however, have varied from the ancestral type, but their variation is in opposite direc- 
tions: the wing of the penguin has required rigidity to subserve its function as a paddle, 
and it has acquired it, throughout its length. The wing of the duck, on the other hand, 
has required lightness, and it has acquired it—the reduced spread of bone being 
compensated for by an increased development of feathers. 
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6. The evidence from embryology is in favour of the early divergence of the 
Aptenodytidee from the main stem of the flyimg birds, and of the common ancestor of 
both having been a flying bird, though of a clumsy type. 

7. We were unable to verify the facts recorded by other observers in the ossification © 
of the limbs, as we were handicapped by the decalcifying action of formalin even in 
weak solutions, so that our observations in this direction could not be considered 
altogether satisfactory. 


ILLUSTRATIONS. 


Prats I. 


Fig. 1. Gentoo penguin, embryonic area, early stage. 

Fig. 2. Gentoo penguin, within first 24 hours, showing head fold, medullary folds, and primitive streak. 
This stage resembles that of the chick at 22 hours. 

Fig. 3. Gentoo penguin, said to be 3 days. This stage of development resembles the chick at 24 hours. 

Fig. 4. Gentoo penguin, said to be at 5 days. The stage of development resembles the chick at 26 hours. 
The photograph shows specially the cephalic flexure, the hinder ends of the medullary folds enclosing the 
bulbous extremity of the notochord, and the remains of the primitive streak. 

Fig. 5. Gentoo penguin, said to be 6 days. Comparable to the chick at 40 hours. The photograph 
shows the bulbous expanded posterior end of the notochord, and evidence of a segmentation of the neural 
folds. 

Fig. 6. Gentoo penguin, about 7 days. 


Puate II. 


Fig. 7. Duck embryo of 5 days. Compare fig. 4 of penguin of same age. 

Fig. 8. Duck embryo of 6 days. Compare fig. 5 of penguin of same age. 

Fig. 9. Duck embryo of 7 days. Compare fig. 6 of penguin of same age. 

Fig. 10. Gentoo penguin embryo of 12 days. Both upper and lower limbs have appeared on the surface 
of the trunk. 

Fig. 11. Gentoo penguin embryo of 13 days. 

Fig. 12. Duck embryo of 8 days. Compare character of limbs with those of penguin of 13 days 
(fig. 11). 

Figs. 13, 14, and 15. Successive stages of Gentoo penguin embryos at 15, 16 and 17 days, to illustrate 
stages in the development of the sickle-shaped fore limb of the adult. 

Fig. 16. Duck embryo of 12 days, im situ, to show how the embryonic attitude is maintained, and is not 
dependent upon external pressure. 

Fig. 17. Gentoo penguin embryo of 22 days, to show advancing change in the position of the feet. 
Compare figs. 15 and 23, which show other stages in the development of the peculiar flat base of the adult. 


Puats ITT. 
Fig. 18. Duck embryo of 13 days. 
Figs. 19 and 20. Gentoo penguin embryo of 18 and duck embryo of 12 days, photographed to the same 
scale, to show altering characters of the limbs, when the trunks are of the same size. 
Fig. 21. Duck embryo of 14 days. 


Fig. 22. Duck embryo of 15 days. Compare with fig. 15 of gentoo penguin embryo of the same age, 
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Fig. 23. Gentoo penguin embryo of 24 days. Notice the character of the fore limb, and the attitude of 
the hind limb and tail. 

Fig. 24.-Gentoo penguin embryo of 25 days. 

Fig. 25. Gentoo penguin embryo of 27 days, to show the stage of development reached before leaving 
the shell. 

Fig. 26. Photograph of fore limbs of gentoo penguin embryo of 22 days, to show ossification. 

The clear portions of the shafts are composed of bone, and the dark extremities are of cartilage. Both 
extremities of the radius and ulna are cartilaginous. Beyond them is a darkish area, in which are the’ 
cartilaginous rudiments of the carpus. 

Beyond that region are the metacarpal bones and phalanges. 
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INTRODUCTORY. 


Harmaline is one of two alkaloids found in the seeds of Peganum Harmala, a 
strong-smelling herbaceous plant belonging to the order of Rutacez. This plant 
grows to a height of from 1 to 3 feet, is much branched, and profusely covered with 
leaves. It is found wild in S. Europe, Asia Minor, Egypt, Arabia, N.W. India, and 
Siberia. It is the I[jyavov aypwy. (wild rue) of Dioscorides, [I7yavov being the name 
still applied in Greece to several species of Ruta. 

The seeds were used medicinally by the ancient Greeks, as they are to this day in 
India, where they are known chiefly by the old Arabic name of Harmal. In Europe 
they were formerly much employed as Semen Rute sylvestris, and as such are enu- 
merated among the simples of several of the early London Pharmacopceias.* 

The seeds are of a dark brown colour, and contain (1) a red colouring matter, 
which was at one time imported into Kngland from the Crimea as a dye; (2) oil; 
(3) a soft resin of a deep carmine lake colour, having a heavy odour like that of 
Cannabis Indica ; (4) two alkaloids, harmaline and harmine. 

Harmaline (C,;H,,N.O) was discovered in 1837 by Gopet, and harmine (C,;H,,N.O) in 
1847 by Frircue. According to the latter, the total yield of alkaloid is 4 per cent., of 
which two-thirds is harmaline and one-third harmine. 

Harmaline crystallises in yellow rhombic octahedra, neutralises acids, and forms 


* Fiicxicrer, Year-book of Pharmacy, 1871, p. 600. 
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with them salts which have a yellow colour and bitter taste. Harmaline hydrochloride 
(C,\;H,,N.O, HCl, 2H,O) forms long, fine yellow needles, easily soluble in water and in 
alcohol. Dilute solutions of harmaline exhibit a green fluorescence.* 

The only observations hitherto made to determine experimentally the general action 
of harmaline were those of TaPPpEINER in 1895.¢ His experiments were concerned 
chiefly with symptoms produced in frogs and mammals. 

In frogs he found that harmaline produces paralysis of voluntary movement. 
Reflex excitability remains after loss of voluntary motion, and even until arrest of the 
heart and respiration ; after its complete paralysis, nerve and muscle are quite excitable. 
No convulsions were observed. 

In mammals he found that harmaline produces motor disturbances, convulsions 
followed by paralysis. Consciousness is retained during the convulsions, but the 
sensitiveness to pain is reduced throughout the poisoning. Respiration is accelerated, 
and the temperature slightly raised. He found the minimum lethal dose to be 0°11 
gramme per kilogramme, death being due to the arrest of respiration, which occurs 
suddenly without any previous considerable reduction in frequency. 

From two kymograph experiments on rabbits, he concluded that the blood pressure 
is at first considerably raised, especially during the convulsions. This rise is due to 
stimulation of the vasomotor centre, since the heart’s action did not appear to be 
increased. Subsequently the blood pressure falls, owing to paralysis of the vasomotor 
centre and increased weakness of the heart. 

He summed up as follows: “If we judge by the most apparent symptoms of 
poisoning—the convulsions—which seem to be direct, as they are due to disturbance 
neither of the respiration nor of the circulation, we can until further notice reckon 
harmaline and harmine as convulsive poisons, and, in so far as death is due to arrest of 
the respiration, also as respiratory poisons. ‘This investigation gives no basis for its 
therapeutic uses.” 

In 1899 Oscar Raazt investigated the action on Infusoria of several substances 
which form fluorescent solutions, e.g. acridin, phosphine, quinine, and eosine. He 
found that all of these are much more toxic to Paramecium caudatum in light than 
in darkness, those light rays which most excite fluorescence being especially powerful 
in increasing the toxicity. In 1903 he extended these investigations to include 
harmaline,§ and found that a solution of 1 in 20,000 of harmaline kills parameecia in 
8 to 20 minutes, the presence or absence of light having no effect on the toxicity. 
Nor does the light effect come into play with 1 in 40,000; but when exposed toa 
solution of harmaline hydrochloride of 1 in 200,000, parameecia remain quite healthy 
in the dark for 20 hours, while in the light they die in 1 to 3 hours. Exposure to 
light has by itself no injurious action on paramcecia. 


* HusEMANN, Die Pflanzenstoffe, 1871, p. 76. 
t+ Archiv fiir exper. Pathol. u. Pharmakologie, Bd. xxxv., 1895, p. 69. 
| Zeitschrift fiir Biologie, Bd, xxxix., 1899, p. 524, § Ibid., Bd. xliv., 1903, p. 16. 


THE PHARMACOLOGICAL ACTION OF HARMALINE. 2aG 


In 1901 Jacosson* showed that, in regard to their toxic effect on ciliated 
epithelium, solutions of harmaline hydrochloride (among other fluorescent substances) 
act independently of light in stronger concentrations, while in weaker concentrations 
they are much more poisonous in light than in darkness. 

In August 1908 I obtained from Dr J. F. Tors, F.R.S., of Manchester University, 
7 grammes of harmaline and 5 grammes of harmine for pharmacological investigation, 
for which kindness I take this opportunity of expressing my great indebtedness to him. 

After performing a large number of experiments with harmaline, both with regard 
to its general effects and its effects on isolated tissues, J have come to the conclusion 
that the pharmacological actions of this alkaloid, almost without exception, resemble 
intimately those of quinine; and it is possible that this more extended investigation 
may give, contrary to TAPPEINER’s conclusion, some pharmacological basis for the 
therapeutic use of harmaline. Hence, in the course of the following account of the 
pharmacology of harmaline, its various actions will be compared in detail with those of 
quinine. 

A. Leruarity oF HARMALINE. ~ 


The lethality of harmaline was determined for frogs, guinea-pigs, rabbits, rats, and 
cats, with the following results :— 


Taste J.—Minimum Leraat Dose sy Suscutangous InsectIon ror Frogs. 


No. of Weight of Dose per Actual Dose 
Experi- Frog Kilogramme in Result. 
ment. in Grammes, in Grammes. Grammes. 
1 31 0°05 0:0015 Recovery. 
2 34 01 0:0034 55 
3 20 0-2 0-004 5 
4 26 0:2 0:0052 93 
5 38 0°25 0:0095 Death in 31-36 hours. 
6 32 0:3 00096 » before 20 |,, 
7 28 0-4 0-011 » in 6 hours, 
8 22 0:45 0:01 Mariela a 
TasLe I].—Minimum Leruat Dose sy Suscurangous Insection FoR GUINEA-PIGS. 
No. of Weight of Does per Actual Dose 
Experi- Guinea pig Kalogramme in Result. 
ment. in Grammes, in Grammes, Grammes. 
9 500 0-01 0:005 Recovery—slight effects. 
10 450 0:04 0-018 - marked effects. 
11 470 0:08 0-038 a severe effects. 
12 500 0-1 0:05 Death in 7 hours 40 minutes. 
13 500 0-2 0-1 », oo minutes. 


* Zeitschrift fiir Biologic, Bd. xli., 1901, p. 445. 
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Taste I[].—Mryimum Leraat Dosk spy SuscuraNngeous INJECTION FOR RABBITS. 


No. of Weight of Dose per Actual Dose 
Experi- Rabbit Kilogramme a Result. 
ment, in Grammes. in Grammes. Grammes. 
14 1120 0:02 0:022 Recovery—slight effects. 
15 1650 0:08 0:132 = severe effects. 
16 1150 0:09 0103 5 - on 
17 1000 0:1 0-1 Death in 1 hour 30 minutes. 
18 1450 0-12 0-174 » 9 hours. 
Taste [V.—Minimum Leraau Dose By SuscurTanrous INJECTION FoR Rats. 
No, of Weight of Dose per Actual Dose 
Experi- Rat Kilogramme in Result. 
ment. in Grammes. in Grammes. Grammes. 
19 132 0:076 0-01 Recovery—severe effects. 
20 150 0:09 0:0135 M3 5 
21 170 O11 0'019 a 5 
22 107 0°12 0:013 Death in 74 hours. 
Taste V.—Minimum Leraat Dose sy Suscurangous INJECTION FOR CATs. 
No. of Weight of Dose per Actual Dose 
Experi- Cat Kilogramme in Result. 
ment. in Grammes. in Grammes. Grammes. 
23 2700 0:09 0:243 Recovery—severe effects. 
24 3000 O'l 0:3 Death in about 9 hours. 
25 1730 0:13 0°225 = 14 hours. 


For determination of the minimum lethal dose in frogs, and for all subsequent ex- 
periments on frogs, the species Rana temporaria was used. In frogs, injections were 
made into the dorsal lymph-sac, and in mammals under the skin of the right flank. 

Minmum Lethal Dose for Frogs.—Recovery followed from doses of 0°2 gramme 
per kilogramme and under; doses of 0°25 gramme per kilogramme and above proved 
fatal. The minimum lethal dose is therefore about 0°25 gramme per kilogramme. 

Minimum Lethal Dose for Mammals.—In the cases of the guinea-pig, rabbit, and cat, 
doses of 0°09 gramme per kilogramme and under were followed by recovery ; doses of 0°1 
gramme per kilogramme and above proved fatal. 
fore 0°1 gramme per kilogramme. 


The minimum lethal dose is there- 
In the case of the rat, recovery followed from doses 
of 0-11 gramme per kilogramme and under, while 0°12 gramme per kilogramme was 
the smallest dose to prove fatal. In this mammal the minimum lethal dose is therefore 


slightly higher, namely 0°12 gramme per kilogramme. 
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Harmaline resembles quinine in being relatively much more toxic to mammals 


than to frogs. 


B. Symproms PRODUCED BY HaARMALINE. 


(a) In Frogs. 

The following experiment will serve to illustrate the symptoms produced by a 
minimum-lethal dose of Harmaline. 

Experiment 5.—Rana temporaria, male, weight 38 grammes. At 11.27 a.m. the 
throat respirations were 17 in ten seconds, deep and regular ; the cardiac impacts were 
7 in ten seconds, fairly easily seen. Faradic stimulation of the skin of the right leg 
with the secondary coil at 160 mm. elicited a slight kick of the same leg, and the 
animal moved away if the stimulation was prolonged ; similar stimulation with the 
coil at 140 mm. caused immediate extension of both legs. Stimulation of the skin over 
the dorsal part of the spinal cord caused extension of the legs with the coil at 140 mm. 

At 11.50, 0°0095 gramme of harmaline hydrochloride dissolved in 0°8 ec. of 
Ringer’s solution was injected into the dorsal lymph-sac. This was equivalent to 0°25 
gramme per kilogramme. 

At 11.58 the pupils, which had been medium before injection, were more con- 
tracted. The results of electrical stimulation were the same as before. There was 
persistent contraction of the muscles running from the skin to the side of the urostyle. 

At 12.5 p.m. the respirations were 13 in ten seconds, and very feeble. The back 
was rigid, and curved in a direction concave upwards, due to rigidity of the back 
muscles. ‘The frog jumped away when the skin of the leg was stimulated at 230 mm., 
and turned immediately when placed on its back. 

At 12.14 the rate of the respirations had fallen to 9 in ten aatndle With the coil 
at 160 mm., stimulation of the skin of the right leg caused extension of both legs, 
while at 12.34 the coil required to be at 145 mm. to produce this effect. 

At 1.50 the pupils were contracted. An area of skin overlying the dorsal lymph- 
sac was pale, contrasting markedly with the much darker colour of the skin of the 
rest of the body. ‘The respirations were only 3 in ten seconds, and consisted of very 
feeble undulations of the anterior part of the floor of the mouth. The cardiac impacts 
were 3 in ten seconds. ‘The reflex excitability as determined by electrical stimulation 
was unchanged. When the frog was laid on its back it made no effort to recover, but 
when the foot was now stimulated the frog turned over with difficulty. The animal 
jumped only if strongly stimulated, and when it alighted the hind limbs were not 
drawn up with normal rapidity. 

At 2.25 the respirations had ceased, and the cardiac impacts were not visible, but. 
when the web of the foot was examined under the microscope the circulation was seen 
to be active. At 3.15 the animal lay prone, with limbs extended. The conjunctival 
and nose reflexes were active. 
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At 6.30 p.m. no reaction resulted from either touching the conjunctiva or stroking 
the nose. ‘The eyelids were fully open, and the pupils semi-dilated. 

At 11 a.m. next day, as also at 12.30 p.m., with the coil at 100 mm., stimulation 
of the skin of either leg caused feeble movements of both legs, and stimulation of the 
skin over the dorsal part of the cord caused fairly vigorous extension of both legs. 
The circulation in the web of the foot was fairly active. 

At 3.20 p.m. stimulation of the skin of either leg with the coil even at 40 mm. 
produced no movements of the opposite leg. Stimulation over the cord at 100 mm. 
still produced feeble extension of both legs. 

The heart was now exposed by removing part of the sternum, and found to be 
beating moderately strongly at the rate of 2 in ten seconds; auricles and ventricle were 
beating synchronously. 

The left sciatic nerve was exposed, and stimulation of it with the coil at 295 mm. 
induced contraction of the left gastrocnemius muscle, but no movement of the opposite 
limb ensued even with the coil at 40 mm. ‘The muscles reacted to direct stimulation 
at 50 mm. 

At 5.0 p.m. the heart was beating feebly at the rate of about 4 in 30 seconds. No 
crossed reflex movements could be obtained by stimulation either of the skin of the leg 
or the sciatic nerve. Stimulation over the cord with the coil at 80 mm. caused feeble 
localised movements of the leg muscles, and stimulation of the sciatic nerve at 130 mm. 
caused a feeble contraction of the gastrocnemius. 

At 10.0 p.m. the heart was found to be arrested in diastole, and the muscles and 
nerves were irresponsive to electrical stimulation. 


(b) In Mammals. 


There is a close similarity in the effects produced by harmaline in different 
mammals. To illustrate the general nature of these effects, the following two 
experiments were selected ; the former as an example of the symptoms produced by a 
minimum lethal dose, in the case of which death is postponed for several hours, the 
latter as an example of a rapidly fatal dose. They also illustrate differences in the 
symptoms in different animals. 

1. Guinea-pigs.— Experiment 12.—Guinea-pig, male, weight 500 grammes. At 
11.5 a.m. the cardiac impacts were 37, the respirations 21, in ten seconds. 

At 11.45, 0°05 gramme of harmaline hydrochloride dissolved in 4 c.c. Ringer’s 
solution was injected under the skin of the right flank. This was equivalent to 
01 gramme per kilogramme. 

At 11.50 the cardiac impacts were 30, the respirations 18, in ten seconds. There 
were slight tremors of the head, and the right hind limb was slipping on the tray. 
During the next five minutes the animal made several short, jerky rushes forward ; in 
the quiet intervals the hind limbs were extended as if unable to support the body- 
weight. ‘There were marked tremors of the head, and chewing movements of the jaws. 
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At 12.0 the cardiac impacts were 21, the respirations 18, in ten seconds. During 
the next fifteen minutes the animal remained usually with the fore part of the body 
upright, but with the hind-quarters lying on the side, there being frequent clonic 
movements of the hind legs. When it was disturbed it could run normally, and when 
laid on its back it turned over immediately. It uttered cries frequently. 

At 12.20 the hind limbs were somewhat rigid, and in the extended position. 
Respirations seemed to be more panting, but their rate could not be counted owing to 
the incessant tremors and clonic movements. 

At 12.32 the conjunctival reflex was duller, and the convulsive movements less 
violent. The animal generally lay on its side, occasionally assuming the upright 
position for short periods. Two minutes later it lay on its back, and from this time 
onwards usually remained lying on its back or side. 

At 1.0 the cardiac impacts were 20 in ten seconds. There were frequent clonic 
movements of the limbs and jaws. ‘The tongue was often quickly protruded and with- 
drawn. There were sometimes rapid movements of the eyelids and oscillations of the 
eyeballs. When the animal was placed in the upright position it made no effort to 
move forward but slowly fell over on to its side. There was apparently a definite 
diminution in reflex excitability, for even pricking the skin of the leg with a pin 
induced no reaction. 

At 3.0 the limb movements were much feebler, though still almost constant. The 
conjunctival reflex was dull. The body was felt to be abnormally cold. The respira- 
tions were about 20, and the cardiac impacts about 18, in ten seconds, but they were 
difficult to count accurately. At 4.25 the rectal temperature was 26° C. 

At 7.13 the animal was lying on its side gasping. The respirations were 2 or 3 in 
ten seconds, irregular in rate and accompanied by gaping of the mouth. The cardiac 
impacts could not be felt. There were feeble pawing movements of the fore limbs. 
The hind limbs were quite stiff, as if in rigor mortis. The conjunctival reflex was 
completely gone, but the animal moved its head feebly when the ear was pinched. 
The rectal temperature was 21° C. 

At 7.25 all respiratory movements ceased. The thorax was then opened, and the 
heart was exposed at 7.29 and found to be beating slowly and feebly. 

2. Cats.—Haperiment 25.—Cat, male, 1730 grammes. At 11.35 the respirations 
were 6, the cardiac impacts 34, in ten seconds. 

At 11.40, 0°225 gramme of harmaline hydrochloride dissolved in 2 ¢.c. Ringer's 
solution at about body temperature, was injected under the skin of the right flank. 
This was equal to 0°13 gramme per kilogramme. 

At 11.43 the cat was timid and uneasy, and appeared to have hallucinations. He 
moved sometimes in a circle, trembling and with eyes staring. There were slight 
tremors of the body. 

At 11.48 he stood mewing loudly, with back arched and limbs extended and 
upright. The mouth was widely opened, and saliva flowed from it. 
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At 11.55 he had a sudden, violent convulsion which lasted about thirty seconds, 
and during which he fell on his side. After this he remained lying on his side, mewing 
loudly. The respirations were then easily counted, and were 16 in ten seconds, deep 
and regular. 

Thereafter the animal had convulsions at 12.1, 12.2, 12.8, 12.5, 12.9, 12.138, 12.20, 
12.25, and 12.30. These convulsions conformed to a fairly definite type. They 
generally began by gaping of the mouth, followed suddenly by rapid clonic movements, 
involving especially the hind limbs; the animal generally fell on its side. Often 
ushered in by a ery, with occasionally a short tonic phase prior to the clonic movements, 
and followed by an interval of flaccidity during which the respirations were panting, 
these convulsions frequently bore a strong resemblance to attacks of grand mal. It 
is also seen that there is a tendency to gradual lengthening of the interval between 
the attacks. ‘The later convulsions also became less violent, and the animal during the 
intervals more paretic. Up to 12.20 there was no impairment of the conjunctival reflex. 

At 12.25 the respirations were 20 in ten seconds, regular and deep. The con- 
junctival reflex was duller, and pinching the tail evoked no reaction. The fore limbs 
were extended at right angles to the body, while the hind-quarters lay on the side. 

At 12.30 the respirations were 14 in ten seconds, and much feebler. The cardiac 
impacts were 27 in ten seconds. 

At 12.44 no reaction resulted from strongly pinching the limbs or tail; the 
conjunctival reflex was almost abolished, but the eyes were closed if blown upon. 

At 1.3 the respirations were 15, the cardiac impacts 25, in ten seconds. The cat 
was lying quite quiet, and there were no tremors or convulsions. 

At 1.10, apart from the movements of respiration, the animal appeared completely 
paralysed. When held up by the neck it hung quite limp, and when Diaralie on the 
floor made no attempt to support itself. 

At 1.13 the respirations were 4 in ten seconds, gasping in character; the cardiac 
impacts were 15 in ten seconds, feeble and irregular. At 1.14 respirations were 
reduced to an occasional gasp, and no cardiac impacts could be felt. 

At 1.16 the respirations ceased, and the pupils, which had been medium both 
before injection and throughout the poisoning, dilated widely. The thorax was now 
opened and the heart exposed; there were no contractions of either auricle or ventricle. 
At 1.18, faradic stimulation of the phrenic nerve with the secondary coil at 550 mm. 
induced contraction of the diaphragm; at 1.22, stimulation of the sciatic nerve with 
the secondary coil at 370 mm. caused contraction of the gastrocnemius muscle. 


C. ACTION ON THE CEREBRO-SPINAL NERVOUS SYSTEM. 


(a) Brain and Spinal Cord. 


1. In Frogs.—The frog is not a suitable animal for manifesting the action of drugs 
on the cerebrum, and no symptoms were observed which could be ascribed definitely 
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to an action of harmaline on this part of the brain. However, the onset of inco- 
ordination of movement, the loss of the power of jumping and of recovering the 
normal posture when the animal is laid on its back, and the cessation of respiration — 
occurring as these effects do at a time when the spinal reflexes and peripheral motor 
mechanism are slightly, if at all, impaired—indicate that harmaline first paralyses the 
functions of the mid brain and medulla oblongata. 

With regard to the spinal cord, a transient stage of increased reflex excitability 
usually occurs, after which spinal reflexes become less and less easily elicitable. The 
voluntary muscles still readily respond to weak faradic stimulation of their nerves 
when the abolition of reflex excitability first occurs, showing that the paralysis is one 
involving the spinal cord. 

As is the case with many poisons, the power of transmission of impulses across the 
spinal cord, e.g. from left to right leg, is lost much earlier than the power of 
conducting impulses down the spinal cord, rendering it probable that the block in 
conduction is due not to paralysis of the efferent nerve cells but to interference between 
the afferent and efferent nerve cells of the cord. Loss of reflex excitability occurs 
before arrest of the heart, if the heart be not exposed. 

Harmaline resembles quinine very closely in its action on the central nervous 
system of the frog. Like harmaline, quinine in large doses paralyses the brain and 
respiratory centre, and later the reflex excitability of the spinal cord after a pre- 
liminary increase of excitability. In quinine poisoning too the heart continues to beat 
after paralysis of the spinal cord. 

2. In Mammals.—Harmaline affects the central nervous system of mammals in a 
manner different from the central nervous system of frogs, in so far as symptoms of 
excitation are added to symptoms of paralysis. Convulsions do not occur in frogs, but 
are the most conspicuous effects produced in mammals. 

In the cat these take the form of more or less violent convulsions of epileptiform 
character, occurring at irregular intervals and separated by quiescent periods. In the 
guinea-pig, clonic convulsions, less violent than those produced in the cat, and 
resembling running movements, occur almost without respite. In the rabbit, con- 
vulsive movements of an intermediate type are observed ; and in the rat, spasticity of 
the limb muscles, with tremors and swaying of the head and body, is the most 
characteristic appearance, though the kind of clonic convulsions described in the 
guinea-pig occurs also in the rat. 

Certain facts in regard to these convulsions aid in the localisation of the site of 
their production. In the first place, they are not due to asphyxia, because they occur 
before there is any impairment of respiration or any appearance of cyanosis. In the 
second place, the convulsions are cerebral in origin and not spinal. They are quite 
different from the convulsions produced by strychnine, for example; they are not 
evoked by any apparent external stimulus, opisthotonus is never seen, and the 


convulsions do not occur in frogs. Also it will be shown in kymograph experiments 
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that the convulsions do not occur in an animal anesthetised by ether or chloroform. 
Apart from negative evidence, the epileptiform character of the convulsions points to 
the brain as the seat of their origin. It is, moreover, probable that they are due 
mainly to an exciting action on the cerebral cortex. The occurrence in cats of 
symptoms apparently due to hallucinations suggests an action on the cerebral cortex. 
Further, if the convulsions were due to an action on the lower part of the brain, they 
would probably occur in frogs, as in the case of the convulsions produced by 
picrotoxin. 

Tremors or convulsions are not produced in rabbits by doses less than 0°02 gramme 
per kilogramme, 7.e. one-fifth of the minimum lethal dose; in the guinea-pig, tremors 
occur after doses of above 0°01 gramme per kilogramme. 

In none of my experiments were the convulsions observed to be fatal, probably 
because their clonic nature does not seriously interfere with respiration. 

After a period, which varies with animal used and the dose given, the convulsions 
pass off, and in the case of smaller doses recovery ensues. In the case of larger doses 
the convulsions diminish in severity and are succeeded by a stage of exhaustion and, it 
may be, of complete motor paralysis, which may endure for some considerable time 
before failure of the heart or respiration. When this stage of motor paralysis super- 
venes, the symptoms referable to the central nervous system approximate closely to 
those described in frogs, and are probably due to like causes. There is possibly an 
increased excitability of the spinal reflexes in the early stages of poisoning in mammals 
as in frogs, but of this it is difficult to be certain. However, it is clear that the 
ultimate effect on the spinal cord, that of paralysis, is the same in mammals as in frogs. 
This is well seen in Experiment 25 described above, where the spinal reflexes were 
abolished some time before death, while the fact that the excitability of the peripheral 
neuromuscular mechanism was unimpaired even some minutes after death showed that 
this effect was central in origin. Owing to this paralysis of the spinal cord, the 
terminal phenomena of asphyxia are unattended by convulsions. 

Though convulsions, due to an action on the cerebrum, may occur under certain 
circumstances also with quinine, they are more typical of some of the other cinchona 
alkaloids, e.g. cinchonamin. Harmaline and quinine are, however, alike in producing, 
in large doses, diminution of excitability of the spinal cord in mammals. 


(b) Nerve. 


To investigate the action of harmaline on nerve structure, the following method 
was employed. The muscle response was taken as an index of the condition of the 
nerve. ‘The gastrocnemius muscle of the frog was used, with the sciatic nerve carefully 
removed leaving a small part of the spinal column attached. Two pairs of electrodes, 
proximal and distal, were used to stimulate the nerve, and a small part of the nerve 
between the proximal and distal electrodes was painted with a solution of harmaline. 
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A comparison was made, before and after the application of harmaline, of the muscle 
response evoked by proximal and distal stimulations. 

It was found that nerve is very resistant to harmaline: even so strong a solution as 
2 per cent. of harmaline hydrochloride impairs the conductivity only after several 
hours’ application. ‘This feeble action on nerve presents a marked contrast to the 
unusually toxic effect which harmaline exerts on striped muscle. | 

As in the case of the nerve trunks, so the motor nerve terminals are slightly if at all 
affected by harmaline. Thus in Experiment 5, in the course of impairment of the 
peripheral neuromuscular mechanism, stimulation of the sciatic nerve of the frog caused 
contraction of the gastrocnemius with the coil at 295 mm., while direct stimulation of 
the muscle required a strength of 50 mm. ‘This relation of excitability appears to show 
that the peripheral paralysis, which occurs late in the course of poisoning, is due to 
paralysis of the muscle, the nerve and nerve-ends being slightly if at all affected. This 
opinion was confirmed by investigating the action of harmaline on the nerve-muscle by 
Claude Bernard’s method, when it was found that diminution in excitability of muscle 
when stimulated through its nerve occurred only when there was a corresponding 
decrease in the excitability of the muscle to direct stimulation. 


D. Action on SKELETAL MUSCLE. 


It has been shown that, after injection of harmaline, rigor and loss of excitability 
occur in those muscles to which the injected solution obtains more direct access. This 
produces an appearance of opisthotonos when the injection is made into the dorsal lymph- 
sac, of emprosthotonos when the injection is made under the skin of the abdomen. 
Arrangements were made to test further this action of harmaline by keeping a muscle 
directly in contact with solutions of varying strengths of the alkaloid. A modified 
Wild's method was employed ; and when the muscles were stimulated, the current from 
the secondary coil passed simultaneously through both muscles. Tracings were taken 
on a slowly revolving drum. . 

Experiment 26 (figs. 1 and 2).—Strength of solution, 1 in 500. Normal twitches 
resulting from stimulation of the muscles with break shocks are shown at 11.40 (fig. 1). 
At 11.45, Ringer’s solution was withdrawn from the upper tube, and a solution of 
harmaline hydrochloride (1 in 500 of Ringer’s solution) was substituted. Almost 
immediately this caused the muscle to pass into rigor. This proceeded so rapidly that 
in five minutes this muscle had raised the lever above the level of the summit of 
a single twitch. 

At 11.58, thirteen minutes after exposure to harmaline, the upper muscle ceased to 
respond to stimulation, whereas the control muscle contracted as before (fig. 2). 

This strength of solution therefore very soon brings on rigor with loss of 
excitability of the muscle. ; 

Rigor of frog’s muscle is produced by solutions of harmaline even so dilute as 1 in 
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10,000, or sometimes 1 in 20,000. Harmaline produces rigor as rapidly and as com- 
pletely in curarised muscle, so that the effect is probably due to an action on the muscle 
protoplasm. In respect of this action in producing shortening and loss of excitability 
of muscle, harmaline resembles quinine, but is more powerful. In none of the experi- 
ments did fibrillary twitchings of the poisoned muscle occur. 

Solutions of harmaline which are too dilute to produce rigor of muscle do not 


Fig. 1. Fic. 2. 


markedly diminish the excitability of the muscle. Thus a _ gastrocnemius-sciatic 
preparation was kept in a solution of harmaline 1 in 25,000 for eighteen hours, at the 
end of which time the muscle reacted to direct and indiréct stimulation almost as well 
as a control preparation kept for the same time in Ringer’s solution alone. This may 
explain why, in spite of the fact that actual rigor of muscle may be produced by a 
solution so dilute as 1 in 20,000, paralysis of the voluntary muscles plays a part 
relatively so unimportant among the general effects of harmaline poisoning, for the 
muscles respond to stimulation of their nerves for some hours after abolition of reflex 
excitability. 


K. AcrIoN ON THE CIRCULATION. 


(a) Heart. 


The description given of the symptoms occurring in the frog after subcutaneous injec- 
tion of harmaline has shown that this alkaloid at an early period causes slowing of the 
rate of the heart, but that the heart, though apparently much enfeebled, continues to beat 
until after cessation of respiration and paralysis of reflex excitability. In mammals too 
the rate of the heart-beats is reduced very soon after the injection of harmaline. With 
large doses, this reduction in rate is progressive, and arrest of the heart plays a part 


a 
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almost as important as arrest of the respiration in causing death. In the case of 
smaller lethal doses, where death is clearly due to respiratory failure, the heart rate is 
diminished soon after injection to a certain extent, and tends to remain at this point 
till the respirations fail. For example, in Experiment 18, where a rabbit received a dose 
which killed in three hours, the cardiac impacts were reduced from 46 to 27 per ten 
seconds in twenty minutes, and were still 27 per ten seconds two hours later. The 
heart is always arrested in diastole. In several experiments in which the heart 
continued to beat after arrest of the respirations, the right vagus was exposed, and 
stimulation of it with the coil at 70 mm. to 90 mm. was found to arrest the heart-beats. 

Further experiments were made to ascertain the action of harmaline on the isolated 
heart, the frog’s heart being used. 

In a first series of experiments the heart was perfused im situ through the hepatic 
vein, the perfused fluid escaping through the cut aorta; and in a second series the 
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Fie. 3. 


isolated ventricle alone was perfused by means of Schafer’s frog-heart plethysmograph. 
Only the latter series need be described, as the results were similar in both. As the 
nutrient solution and as the solvent for harmaline a mixture of defibrinated ox blood 
(one part) and Ringer's solution (two parts) was used. The bulb of the plethysmograph 
which contained the heart was filled with Ringer’s solution, and the contractions of the 
ventricle were recorded by means of an air-piston recorder attached by a rubber tube to 
the brass cylinder. 

Expervment 27 (fig. 3).—Strength of solution, 1 in 2000. 

A solution of 1 in 2000 within one minute arrested the contractions of the ventricle 
in almost complete systole (fig. 3). Two minutes later the normal solution was turned 
on, and the heart slowly dilated till it reached the condition of relaxation normal to the 
end of diastole, whereupon it again resumed beating. The contractions gradually 
improved till in fifteen minutes the rate and excursus were practically the same as 
before harmaline. A second introduction of the harmaline solution produced the same 
effect as before. 
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Expervment 28 (figs. 4 to 7 inclusive).—Strength of solution, 1 in 10,000. 
This solution very soon reduced the rate of beat of the ventricle, and to a less extent 
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the amplitude of its excursus (figs. 4, 5, and 6). In twenty-two minutes the ventricle 
ceased contracting altogether, in a position of almost complete relaxation. ‘Two minutes 


Fie. 5. Fic, 6. 


later the normal solution was turned on, and in five minutes this completely reinstated 
the ventricle to its normal action (fig. 7). A second introduction of the harmaline 
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solution produced the same poisoning effects more quickly, and the ventricle again 
completely recovered when this was replaced by the normal solution. The normal 
solution was now perfused through the ventricle for over two hours. To the harmaline 
solution was then added atropine sulphate in the proportion of 1 in 100,000. This 
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combined solution brought about arrest of the ventricle in the same way as was pro- 
duced previously by the same strength of harmaline without atropine. 
These effects are detailed in the following table :— 


Taste VIJ.—ExXpPERIMENT 28, 


| i 
Rate Amplitude 
Time. per of Notes. 
Minute. | Excursus. 
12.33 22 25 
12.36.30” ae 2h Solution of H.H. 1 in 10,000 turned on (fig. 4). 
12.40 16 24 
12.48 13 19 
12.53 8 19 Fig. 6. 
12.59 0 0 
1.1 6 Joe Normal solution-turned on (fig. 7). 
1.2 11 15 
1.3 19 14 
irl 23 25 
1.14 27 25 
1.15 ae3 wists Solution of H.H. 1 in 10,000 turned on. 
1.17 7 25 
1.20 2 23 
1.22 1 20 
1.23 0 0 
1.25 2 eee Normal solution turned on. 
1.26 11 18 
~ 1.31 26 25 
3.48 27 24 
3.51 Ss Solution containing H.H. 1 in 10,000 and A.S. 1 in 100,000 
turned on. 
3.53 2 20 
3.54 0 0 


Experiment 29.—Strength of solution, 1 in 20,000. 

This solution, in three and a half hours, reduced the rate of beat from 25 to 9 per 
minute, and the amplitude of excursus from 28 mm. to 21 mm. Complete recovery was 
then brought about in fifteen minutes by re-introduction of the normal solution. The 
harmaline solution, to which had been added atropine sulphate in the proportion of 
-1 in 50,000, was then perfused, but the addition of atropine did not prevent the slowing 
of the ventricle produced by harmaline. 

Experiment 30.—Strength of solution, 1 in 50,000. 

Perfusion of the ventricle with this solution had practically no effect on the heart 
in two and a half hours. 

These experiments show that very strong solutions of harmaline bring about 
abrupt systolic arrest of the heart, an effect probably similar in nature to the rigor of 
voluntary muscle which strong solutions of harmaline have been shown also to effect. 

The characteristic action of harmaline on the heart, however, is to slow the rate 
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and diminish the completeness of systolic contraction, actual arrest in almost complete 
diastole being produced by a solution of 1 in 10,000. 

The slowing of the heart is uninfluenced by simultaneous perfusion with atropine, 
and is therefore probably due to an action on the cardiac muscle, and not to stimula- 
tion of the vagal terminations. 

In its action on the frog’s heart, harmaline resembles quinine, “which produces, in 
much the same concentrations, slowing of the heart (which is not prevented by 
atropine) and arrest in diastole. 


(b) Blood-vessels. 


To ascertain any changes produced by harmaline in the blood-vessels of the frog, 
the following method was used. After exposure of the heart of a pithed frog, the vene | 
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cavee were cut across and a fine cannula was tied into the left aorta, the right aorta 
being ligatured. This cannula was connected with a series of Mariotte’s flasks which 
contained the fluids to be perfused. The amount of fluid exuding per minute from 
the cut venze cave was accurately measured. Ringer's solution was used as the 
normal solution and as the solvent for harmaline. 

The results of these perfusion experiments may be shortly stated as follows :— 

A solution of 1 in 1000 reduced the flow from 2°6 ¢.c. per minute to 0°6 cc. per 
minute in thirty minutes ; a solution of 1 in 5000 (see fig. 8) reduced the flow from 
3°2 c.c. per minute to 0°9 c.c. per minute in thirty minutes ; a solution of 1 in 10,000 
reduced the flow from 2°5 cc. per minute to 1°7 ¢.c. per minute in forty minutes ; 
a solution of 1 in 20,000 reduced the flow from 2°1 ¢.c. per minute to 1°5 c.c. per 
minute in sixty minutes; while solutions of 1 in 25,000 and 1 in 40,000 had no effect 
on the vessels in forty minutes. 

As there occurred in the frogs during these perfusions practically no oedema, it is 
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apparent that harmaline causes constriction of the arterioles: a marked constriction in 
the case of solutions not less dilute than 1 in 5000, and a still perceptible constriction 
with a solution of 1 in 20,000. I have recently shown * that quinine exerts a similar 
action on the blood-vessels of the frog. 


(c) Heart and Blood-vessels. (Blood Pressure.) 


In all blood-pressure experiments the animals (rabbits or cats) were first anzesthet- 
ised with chloroform ; the trachea was then exposed, and a cannula tied into it through 
which diluted ether was thereafter inhaled. A cannula in the left carotid artery was 
connected |with the manometer. Respirations were recorded by means of a double 
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12°35 
Harmatine, HyDechlorcd, : 


0°08 Ju. Per Kile 
Fic. 9. 


stethograph attached by a band round the thorax and connected with a Marey’s tambour. 
Injections were made into the right jugular vein. 

Expervment 31 (fig. 9).—Rabbit, 2200 grammes. 

At 12.35, 0°044 gramme of harmaline hydrochloride dissolved in 2 c.c. Ringer’s 
solution was injected. This was equal to 0°02 gramme per kilogramme. 

This experiment illustrates the effect of a rapidly lethal dose. Blood pressure, 
after a slight transient rise, rapidly falls. The respirations and heart-beats quickly 
decrease in rate. The pulsations in the carotid diminish in size in spite of the slowing 
of the heart. Death is due both to cardiac and respiratory failure. 

Expervment 32 (Table VII., figs. 10 to 14 inclusive).—Rabbit, 2000 grammes. 

Successive actual doses of 0°002 grm., 0:004 grm., 0°008 grm., and 0016 erm., each 
dose being dissolved in 2 ¢.c. of Ringer’s solution. This experiment shows the effects 
of increasing sub-lethal doses on the blood pressure and the respirations of the 


rabbit. 


* Archives internat. de Pharmacodynamie, 1909, p. 319. 
TRANS. ROY. SOC. EDIN., VOL. XLVII. PART II. (NO. 11). " 39 
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Doses of 0°001 grm. per kilo and 0:002 grm. per kilo (fig. 10) caused a rise of blood 
pressure. Doses of 0°004 grm. per kilo and 0°008 grm. per kilo (figs. 11 to 14) caused 
a preliminary fall, followed by a rise, with later again a fall of blood pressure. 

The rise of blood pressure is in the case of all doses accompanied by slowing of 
the heart. The increase of blood pressure must therefore be due either to increased 


TasLe VIJ.—Exreriment 32. 


| 
Time. ee ts pers Pulse o ¥ Respiration Wishaw 
Hasialine .P.in mm. | Rate. Paceae Excursus. 
i 
1.0 104 40 12 3 mm 
1.0.50’ ae 102 41 13 Sane 
ila! 0-001 grm. per kilo 
1.1.20” ome 106 35 (Uh 3 mm, 
1.2 105 29 11 Sas 
1.3 102 29 10 — 
1.9 107 31 11 5 eae 
jis bil ma 106 32 10 Hee 
1.12 0-002 grm. per kilo oc ia eS ae Fig. 10. 
1.13 ons 110 27 9 2mm 
1.14 110 24 9 PA ha 
1.16 110 26 9 ir 
1.21 114 26 8 2k ,, 
1.25 114 30 8 24 ,, 
1.29 sae 112 28 7 23 ,, 
1.30 0-004 erm. per kilo 
1.30.30” a 108 26 7 2 mm. 
1.31 116 24 ve imal 
1.33 112 24 6 24 ,, 
1.35 106 26 a 25 
1.39 105 26 7 Dena 
1.42 105 26 7 2 95 
1.44 ~ 106 25 fl is 
1.45 0-008 grm. per kilo as J ts ae Fig. 11. 
1.45.30” oo 76 20 4 1 mm 
1.46 76 18 6 If es 
1.48 92 19 7 4 Fig. 12. 
1.50 30” 120 20 5 ae 
1.52 114 20 5 ee 
1.56 100 21 7 11 ,, 
1.59 101 20 6 Die miss 
2.6 108 21 if 2 y; 
2.8.10" 109 20 7 25 ,, t) | Anesthesia incomplete. 
2.9.40" ate MES) 20 7 ome. i} Fig. 13. 
2.22 ae 102 18 6 29s Fig. 14. 
Experiment discontinued, 


cardiac output per single beat or to contraction of the blood-vessels. Perfusions of 
the frog’s heart give no indication of augmented action of the heart, whereas a solution 
of harmaline so dilute as 1 in 20,000 constricts the frog’s blood-vessels. It is probable, 
therefore, that the rise of blood pressure is due to contraction of the blood-vessels. 
The fact that this rise of pressure tends to be gradual and persistent points to the 
contraction of the blood-vessels being due rather to an action on the arterioles them-— 
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selves, as seen in the case of the frog, than to a stimulation of the vasomotor 
centre. 
In this experiment a total amount of 0°015 grm. per kilo was injected in divided 


Harmokins Hel. 0°002 Grr. bi7 HLUp ll3 | 


Fie. 10. 


doses—an amount which would immediately have been fatal if administered 
by a single injection. About forty minutes after the last injection, however, the 
blood pressure was still at the level normal to the animal, though the pulse rate had 


LAS 


Horrvalyns [el 0-008 hur Koko 


Fic. 11. 
diminished so greatly as from 42 to 18 per ten seconds. It would appear, therefore, 
that in the rabbit very large doses of harmaline may bring about a constriction of 
the arterioles so physiologically balanced that it may exactly maintain the level of 
blood pressure in spite of a profound fall of the pulse rate, 
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An important point, illustrated by this experiment and confirmed by all of a large 
number of blood-pressure experiments in rabbits and cats, is the complete absence of 


Fie, 12, 


convulsions in a properly anzesthetised animal. This was the only one of these 
experiments in which convulsions were ever observed; they lasted for about one 


Kb 


Fic. 18. Fie. 14. 


minute (see fig. 13), and were due to insufficient depth of anzesthesia. TAPPEINER, in 
his two experiments on blood pressure, observed convulsions during practically the 
whole time of these experiments. Unfortunately he does not state what anesthetic, 
if any, he used, This oceurrence of convulsions vitiated the value of his experiments 
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as a study of the uncomplicated action of harmaline on the blood pressure and 
respiration. 

Experiment 33.—(Table VIII., fig. 15).—Cat, 3000 grammes. This experiment 
illustrates certain differences between the blood-pressure effects in the cat and those in 
the rabbit ; it also shows the terminal phenomena in a case where respiratory failure 
definitely precedes arrest of the heart (contrast fig. 9). 

At first, three injections were given, each of 0:001 grm. per kilo. The first and third 
injections caused a slight rise of blood pressure, the second a fall. The effects of small 


Taste VIII.—Experiment 33. 


Time. ree = puree Pulse Rate of Respiration Notes. 
ee ae -P. in mm. | Rate. | Respirations. | Excursus. 

3.3 sin 164 Zib 9 5 mm 
5.3.40" 0:001 grm. per kilo 
5.4 a 175 24 9 5 mm 
5.5 166 24 7 4 ,, 
5.6 side 166 25 8 Ae 
5.7.30” se 170 24 8 ines) 
5.8 0-001 grm. per kilo 
5.8.10” ae 154 2 8 4 mm 
5.10 ee 158 24 8 
5.10.50” | 0-001 grm. per kilo 4 mm. 
5.11 re 162 25 9 ae 
5.12 a 158 22 8 4h, 
5.21 | a 150 24 8 Abs 
5.21.30” | 0:004 grm. per kilo 
5.21.50” ee 138 20 7 4 mm 
5.23 146 20 6 re 
5.29 140 24 6 Lies 
5.37 ste 116 30 is Ae 
5.40 a 122 27 6 4 ,, 
5.40.30” | 0-01 grm. per kilo ae aa a see Fig. 15. 
5.50.30” sin 96 20 9 2mm 
5.51 64 19 4 Zi 
5.52 50 18 1 EES 
5.53 36 16 0 One 
5.57 0 0 0 Obs; 


doses are therefore inconstant, and it was found in other experiments that, in the cat in 
contrast to the rabbit, small doses of harmaline produce either a very slight rise, or 
sometimes no rise, of blood pressure. 

When this experiment is compared with Experiment 32, it is also seen that in the 
cat, after a total dose of 0°007 grm. per kilo, there is a considerable and permanent fall 
of blood pressure, whereas in the rabbit after the same dose blood pressure, after a 
temporary fall, recovers to the normal level. These differences are probably due to the 
fact that changes in blood pressure which are due to an action on the arterioles are more 
marked in the rabbit than in the cat, owing to the much greater length of the intestinal 
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canal in the former animal.* In the cat the constriction of the arterioles is insufficient 
to counterbalance the slowing of the heart, and the blood pressure falls. 


Harrmesima My Srcktends 
OOF gm. be Kalo 


Fic, 15. 


With these experiments as examples of the effects of small and large doses, an 
account may now be given of further experiments made to define more accurately 
the nature of the production of these effects. 


The Cause of the Slowing of the Heart. 


Experiment 34.—In this experiment, doses were given corresponding to those given 
in Experiment 32, with this difference, that sufficient quantities of atropine sulphate 
were administered during the experiment to ensure that, before each injection of 
harmaline, the terminations of the vagus nerves in the heart were paralysed. The 
conditions of the experiment are indicated in Table IX. 

In this experiment the first injection of 0°001 grm. per kilo reduced the pulse rate 
from 36 to 31 per ten seconds as compared with a reduction of from 41 to 29 per ten 
seconds by the same dose in Experiment 32, where no atropine was given. It seems 
probable that, in case of the first injection of a small dose of harmaline, part of the 
slowing of the heart is due to reflex stimulation of the vagus by the rise of blood 
pressure. 

On the other hand, doses of 0:002 grm. and 0°004 grm. per kilo produce an amount of 
slowing of the heart (when the terminations of the vagus are paralysed by atropine) 
quite commensurate with that produced by the same doses in Experiment 32, where the 


* LaupER Brunton, Textbook of Pharmacology and Therapeutics, 1887, p. 288, 
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vagal mechanism was intact. The last dose (0:008 grm. per kilo) proved fatal in this 
experiment probably because respiratory failure was caused by the added effects of 
harmaline and atropine on the respiratory centre. However, a sufficient comparison can 


TasLe [X.—Experiment 34. 


Time Injection Average Pulse Result of Stimulation 
7 : ale Rate. | of Left Vagus. 

1.15 sv 100 40 

1.16 ae a ae 130 mm.—arrest of heart. 
ao 140 ,, — slowing of heart. 
4 ae 150%, ul. 

1.18 A.S. 0:001 grm. per kilo 

1.20 ia? 140 mm.—nil. 
as ae pene sits 120 ,, a 

1.39 see ae ae 140 ,, arrest of heart. 

1.40 A.S. 0°002 grm per kilo 

1.40.30” ie 140 mm.—nil. 
Br 5 10Q) ,, 5 

1.42 a 94 36 

1.43 H.H. 0:001 grm. per kilo 

1.43.30” 102 33 

1.44.20” des ses ae 120 mm.—nil. 

1.46 102 31 

2.15 120 mm.—slowing of heart. 

2.25 we 120. ,, =f i 

2.26 A.S. 0:002 grm. per kilo 

2.29 ake aa 120 mm.—nil. 

2.29.30" sus 79 28 

2.30.10” H.H. 0°002 grm. per kilo 

2.31 ak 82 24 

2.33 90 23 

2.36 oe 92 22 

2.37 ae ore ss 120 mm.—nil. 

2.38 H.H. 0-004 grm. per kilo 

2.38.30" eis 84 19 

2.39 88 20 

2.42 96 19 

2.45 BoE ee a3: 120 mm.—slowing of heart. 

2.52 | A.S. 0:001 grm. per kilo 

2.55 | a 88 22 

2.55.40" | et 5 Bee 120 mm.—nil. 

2.56 H.H. 0-008 grm. per kilo 

2.56.40" Sin 52 18 

2.58 30 13 

3.0 22 12 

3.3 0 0 


be made to allow the conclusion that, except in the case of the first injection, the slowing 
of the heart is not due to central or peripheral stimulation of the vagus, but to an 
action on the cardiac muscle. This result corresponds with that obtained in perfusion 
experiments on the frog’s heart where the slowing of the heart produced by harmaline 
was not prevented by simultaneous perfusion with atropine. 
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The Cause of the Fall of Blood Pressure. 


lt has been already stated that the rise in blood pressure produced by smaller doses 
of harmaline is to be attributed to contraction of the arterioles; it remained to be 
determined whether the fall of blood pressure, when it occurs, is due to cardiac causes 
or to dilatation of the arterioles. 

Experiment 35 (fig. 16).—Rabbit, 1900 grammes. In this experiment a record 
was taken of the blood pressure and of the changes in intestinal volume. About four 
inches of the rabbit's small intestine was enclosed in an oncometer, and the changes 
in its volume were recorded by an air-piston recorder. A dose of 0'008 grm. per kilo 
was injected, and in thirty seconds this lowered the blood pressure from 100 mm. to 
78 mm., and the pulse rate from 19 to 16, per ten seconds. No increase of intestinal 


Fic. 16. 


volume occurred during this fall of pressure, which must therefore be ascribed to 
slowing or to slowing and weakening of the heart. 

Experiment 36.—Cat, 3300 grammes. A record was taken of the blood pressure 
and volume of the left kidney. A dose of 0°005 grm. per kilo was given, and this 
reduced the blood pressure in one minute from 109 mm. to 78 mm., and the pulse rate 
from 21 to 15 per ten seconds. During this fall of blood pressure there occurred 
a distinct diminution of kidney volume, showing that there was certainly no dilatation 
of the kidney vessels. In the cat, therefore, as in the rabbit, it is probable that the fall 
of blood pressure produced by large doses of harmaline is due to slowing or to slowing 
and weakening of the heart’s action. 

The effects produced by harmaline on the blood pressure differ in some respects from 
those produced by quinine. With quinine “the heart is often accelerated at first, but 
is afterwards slow and weak, while the blood pressure, after a slight increase, declines 
progressively. ‘The changes are caused by a preliminary contraction of the arterioles 
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and acceleration of the heart, followed by dilatation of the former and slowing and 
weakening of the latter.”* Harmaline differs from quinine in its blood-pressure effects 
in that the preliminary rise of blood pressure is due only to contraction of the arterioles 
and not to acceleration of the heart, while the fall of blood pressure produced by large 
doses of harmaline is due, so far as my experiments have shown, only to cardiac 
slowing and weakening, and not to dilatation of the arterioles. 


F. Action oN RESPIRATION. 


Lethal doses of harmaline paralyse respiration both in frogs and in mammals. 
Since at the time of death in mammals faradic stimulation of the phrenic nerve causes 
tetanus of the diaphragm with a normally minimum stimulus (see Experiment 25), it is 
probable that respiratory failure is due to paralysis of the respiratory centre. 

Especially during the time that convulsions occur, the rate and vigour of the 
respirations are often increased. In none of my blood-pressure experiments (when 
convulsions were prevented by anesthesia) was an increase in the rate or amplitude of 
the respirations observed, such as was found by TappErner. 

In the case of slowly fatal doses, death is due to arrest of the respiration alone, and 
the heart may continue beating as long as ten minutes after respiration has ceased. 
With larger doses, however, the heart-beats and respirations fail about the same time ; 
indeed, one or two respiratory gasps may occur after it is impossible to feel any cardiac 
impacts. 

TapPEINER stated that arrest of the respiration comes on somewhat suddenly, not 
being intimated by any previous considerable reduction in frequency. This is only 
partly true in the case of rapidly fatal doses, where the toxic effect’on the heart attains 
greater prominence. In the case of smaller lethal doses, where heart failure does not so 
materially contribute to the cause of death, there is a gradual and progressive 
diminution in the rate of the respirations. 


G. AcTION oN TEMPERATURE. 


TAPPEINER stated that “the body temperature is rather heightened than lowered. 
In one case in a rabbit it was 404° C. and in a dog 39°7° C. in the rectum.” It is 
unfortunate that he does not state with what doses or at what times after injection this 
elevation of temperature occurred, and also what was the temperature before injection. 
In the rabbit the normal temperature may be above 40°4° Ct 

In my experiments I have not observed with any dose a definite rise of temperature, 
while large doses invariably produce a fall of temperature, in regard to which action 
harmaline resembles quinine. 


* Cusuny, Textbook of Pharmacology, 3rd edit., p. 360. 
+ Srmpson and Garsraira, Journal of Physiology, 1905, p. 230. 
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In the case of sub-lethal doses the fall of temperature is comparatively slight, e.g. 
the temperature of a rabbit which received four-fifths of the minimum lethal dose fell 
from 39° C. to 37° C. in 1 hours. The fall is greater in the case of lethal doses; e.9., 
the temperature of a rabbit which received 14 minimum lethal dose fell from 38° C. to 
34° C. in one hour. However, the extent of the fall of temperature is not proportional 
to the dose in the case of lethal doses. The fall is progressive, and is the greater 
the longer the animal lives after injection. Thus, as was seen in the account of 
Experiment 12, the temperature of a guinea-pig which received a minimum lethal dose 


Fie. 17. 


was as low as 21° C. before death, which occurred 73 hours after injection. Simpson 
and Hrrrine* have shown that with such a low temperature a warm-blooded animal 
is narcotised by cold, and that when the temperature falls below 24° C. the animal 
cannot recover unless artificially warmed. Therefore in this case the profound fall of 
temperature is probably a contributory cause of death. 


H. ActTIonN ON THE UTERUS. 


In view of the employment of harmaline in India to procure abortion, it was 
interesting to ascertain whether experimental evidence could be found of an action on 
the uterine muscle. In some experiments made for this purpose the following method 


was used. 
* Journal of Physiology, 1905, p. 305. 
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The animals (rabbits) were anzsthetised as for blood-pressure experiments, and 
kept during the experiment in a bath of saline solution at 39° C., just enough of the 
body being submerged to ensure that the uterus was never exposed to theair. The 
abdomen was then opened in the middle line, and the uterus, isolated from the 
surrounding viscera, was connected with a lever writing on a slowly revolving drum. 

Experiment 37 (fig. 17).—Rabbit, 2100 grammes, non-pregnant. From 2.30 p.m. 
there were slight spontaneous contractions of the uterus, just sufficient to move the 
lever perceptibly. At 3.5 a dose of 0:001 gramme per kilogramme was given by the 
jugular vein (see fig. 17). This brought on almost immediately a very powerful tetanic 
contraction of the uterus lasting for about seven minutes, after which uterine con- 
tractions again remained in abeyance. At 3.25 a second injection was given of 0°0005 
gramme per kilogramme, which produced a similar tetanic contraction lasting for four 
minutes. 

This experiment shows that harmaline, in doses which previous experiments have 
shown to be the smallest to affect blood pressure, exerts a powerful action on the uterus 
in the direction of inducing vigorous and sustained tetanic contraction. This fact 
sufficiently explains the clinical observation that harmaline may cause abortion. It is 
an effect which is also, but less powerfully, produced by quinine. 


GENERAL SUMMARY. 


The minimum lethal dose of harmaline hydrochloride by subcutaneous injection is 
for frogs 0°25 gramme per kilogramme, and for mammals (guinea-pig, rabbit, rat, and 
cat) about 0°1 gramme per kilogramme. 

In frogs, lethal doses of harmaline paralyse the mid-brain and medulla oblongata, 
and, at a much later period, the spinal cord. Abolition of reflex excitability occurs 
before arrest of the heart, and before paralysis of the voluntary muscles. 

In mammals, large doses of harmaline cause epileptiform convulsions varying 
somewhat in character in different animals. The convulsions are due to an action 
on the cerebrum, probably especially affecting the cortex. Lethal doses paralyse the 
spinal cord also in mammals, and, as in the case of frogs, this occurs at a later stage 
than the action on the brain. 

The conductivity of nerve is impaired only by prolonged direct application of 
strong solutions of harmaline, and the motor nerve-ends are slightly, if at all, affected 
by this alkaloid. On the other hand, harmaline in comparatively weak solutions 
causes rigor and excitability of voluntary muscle. 

When perfused through the frog’s heart, strong solutions of harmaline cause almost 
immediate systolic arrest of the heart; weaker solutions cause slowing of the heart and 
diminution of systolic contraction, and arrest of the heart, when it occurs, is in the 
diastolic position. The latter kind of action is the only one which is observed in frogs 
or mammals after subcutaneous administration of harmaline. 
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In the frog, after destruction of the central nervous system, harmaline constricts 
the blood-vessels when perfused through them. 

In mammals, small doses of harmaline cause a rise of blood pressure—always in the 
rabbit, and sometimes in the cat. The rise is due to contraction of the arterioles, and 
is accompanied by a diminution in the rate of the heart. Large doses produce a fall 
of blood pressure due to slowing and weakening of the heart. 

The slowing of the heart produced by an initial small dose is partly due to reflex 
stimulation of the vagus by the rise of blood pressure; that produced by larger doses 
is independent of vagus stimulation, and due to an action on cardiac muscle. 

In frogs, paralysis of respiration is an early effect of lethal doses; and in mammals, 
arrest of respiration, due to paralysis of the respiratory centre, is the chief cause of 
death from harmaline poisoning. In the latter there is frequently an initial stage of 
increased respiratory activity. 

Large doses of harmaline cause a fall of temperature in mammals; the fall is 
slight with non-lethal doses, but may be profound in the case of a slowly lethal dose. 

Harmaline exerts a powerful action on uterine muscle in the direction of inducing 
sustained tetanic contraction. 

Harmaline can therefore no longer be regarded merely as a respiratory and 
convulsant poison. It differs from most alkaloids in that it does not exert, to the 
same extent as they do, a selective action on one kind of tissue. It attacks not only 
highly specialised tissues such as voluntary muscle, muscle of the heart, blood-vessels, 
and uterus, and cells of the central nervous system, but also less highly differentiated 
cells, such as pigment cells, protozoa (Raas), and ciliated epithelium (Jacosson). 

In this account of its pharmacology the actions of harmaline have been shown to 
resemble very closely those of another alkaloid, of which the above type non-selective 
action is also true, viz. quinine. As a pharmacological agent, harmaline ought to be 
grouped with quinine, and therefore with those substances which are conveniently, if 
somewhat indefinitely, termed ‘‘ protoplasmic poisons.” 

Considering the close resemblance in the pharmacological actions of harmaline and 
quinine, one is led to anticipate some corresponding similarity in their therapeutic 
effects. With this subject I hope to deal on a future occasion. 


(poner) 


XII.—The Pharmacological Action of Protocatechyl-Tropeine.* 
By Professor C. R. Marshall. 


(MS. received November 20, 1909. Read June 21, 1909. Issued separately January 7, 1910.) 


Protocatechyl-tropeine is one of a series of new tropeines investigated primarily 
with the object of determining the difference in pharmacological action between a 
lactone and the corresponding hydroxy-acid.t Its constitution is shown in the 
following formula :— 


C-OH 
HC “ \ C-0H 
CH, =cH——_ 0H, 
HC CH 
6-CO-0-HC N-CH, 


él. 08 =n, 
Like most other tropeines, it paralyses the vagal nerve endings in the heart. It 
also diminishes the irritability of voluntary muscle and its myo-neural junctions, 


and paralyses the respiratory centre. 


ACTION ON THE RESPIRATION. 


When 0°01 g. protocatechyl-tropeine hydrochloride is injected into the external 
jugular vein of an anesthetised rabbit or cat the respiration is rapidly paralysed (fig. 1). 
It generally ceases within ten seconds of the commencement of the injection, and may 
or may not recommence spontaneously. If it does not recommence, artificial respiration 
performed for 4-1 min. will fully re-establish it. After larger doses (e.g. 0°02 g.) 
it may be necessary to resort to short periods of artificial respiration three or even four 
times before the respiration is permanently established, and then it may remain 
somewhat shallower than at first. (In one animal in which the uncut sciatic or crural 
nerve was being stimulated at intervals, the respiration restarted spontaneously after 
the injection of this dose, but it failed again later.) Doses of 0°005 g. intravenously 
may also paralyse the respiration, but it reeommences with a shorter period of artificial 
respiration than is the case after larger doses. Smaller doses produce only shallower 
and less frequent respirations, the effect being roughly proportional to the dose. The 
smallest effective dose is 0°001 g. intravenously. 


* I am indebted to Mr H. A. D. Jowzrt, D.Sc., for his kindness in providing me with this substance. Its 
preparation and characters have been described by him in conjunction with Mr Hann (Trans. Chem. Soc., vol. 89, 
p. 364). 

+ Arch. f. exp. Path. u. Pharm., 1908, Supplem. Bd., p. 389. 
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Division of both vagi has relatively little effect on the respiratory action of 
protocatechyl-tropeine. In many cases the respiration seemed to recover less readily 
than in animals with uncut vagi; and in a few cases the respiration did not recommence 
spontaneously, as it probably would have done if the vagi had been intact. I have 
observed the same effect after the administration of tetramethyl-ammonium chloride, 
a substance which acts on the respiration in a manner similar to protocatechy]-tropeine. 

The experiments were made on etherised animals. The blood-pressure was taken 
from the common carotid artery, and the injection made into the external jugular 
vein in cats and the facial vein in rabbits. The respiration was recorded in most 
experiments by means of a phrenograph with a tube connection to a tambour. 

In a normal animal the largest dose J have heen able to give, namely, 0°045 g. 
intraperitoneally to a rabbit weighing 720 g., produced only dyspncea. The duration 
of action of this dose and its influence on the frequency of the respiration is shown 
in the following table :— 


Time in minutes 


sche ate 0 5 10 20 25 30 40 50 60> — 90) 7120 
after injection 


No. ee a 54 BA BT «158 «EBC 199" One ome 


per minute 
When injected into the dorsal lymph sac of winter frogs, 0°04 mg. per gramme 
body-weight caused slight slowing of respiration, but no other obvious symptoms ; 
0°08 mg. per gramme body-weight induced marked slowing of the respiration, which 
also took on a periodic character, groups of about six respirations being followed by an 
interval up to half-minute duration of no breathing; there was also some muscular 
depression; 0°16 mg. per gramme body-weight caused almost complete cessation of 
respiration and muscular paralysis; and 0°24 mg. per gramme body-weight eventually 
produced complete paralysis of the respiration and death. As an example, the effect 
after the injection of 0°16 mg. per gramme body-weight may be taken. In this 
experiment the frequency of the respirations fell to one-half in ten minutes, to one- 
eighth in twenty minutes, and to one-twentieth in seventy-two minutes after the 
injection ; the frog was then pithed. 


ACTION ON VaGAL ENDINGS. 


This was determined by observing on the blood-pressure the effect of electrical 
stimulation of a divided vagus before and after injection of the drug, or the effect of 
the drug after the injection of pilocarpine. When electrical stimulation was employed 
the procedure was as follows: the vagus was stimulated at intervals until a practically 
constant effect was obtained, the drug was then injected into the external jugular or 
facial vein, and the vagus again stimulated at intervals until an effect as near as possible 
identical with that previously obtained was reached ; or the injection was made during 
continued stimulation of the vagus (fig. 2). 
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By these methods 0°01 g. protocatechyl-tropeine hydrochloride was found to 
paralyse the terminations of the vagus in the heart for five minutes. At the end of 
this period stimulation of the vagus generally produced a slight effect, and the effect 
gradually increased with succeeding stimulations until the former normal condition 
was reached, usually about twelve minutes after the injection. Occasionally the same 
strength of stimulus failed to induce any action, and consequently it had to be slightly 
increased. ‘Thus, after the injection shown in fig. 2, stimulation with the secondary 
coil at 20 em. produced no effect up to eight minutes after the injection, whereas 
stimulation with the coil at 16 em. produced at this time a very good effect. I have 
obtained the same result with other tropeines. 

When pilocarpine is used as a stimulus the paralysis of the vagal terminations does 
not last so long. Thus the injection of 0°01 g. protocatechyl-tropeie hydrochloride, 
after a previous injection of 0°01 g. pilocarpine, totally abolished the pilocarpine effect 
for one and a half minutes only. ‘The pilocarpine action then reappeared and in three 
minutes had reached its previous form. The shorter period of paralysis in these 
experiments as compared with that obtained when the vagus is stimulated electrically 
is due to the fact that pilocarpine and protocatechyl-tropeime are to some extent 
mutually antagonistic. 


EFrect oN BLoop-PRESSURE. 


The commonest effect on the blood-pressure is a gradual fall, usually commencing 
after the effect on the respiration has begun, and continuing when the respiration 
spontaneously recovers, after this has become practically normal (cf figs. 1 and 4). 
The fall of blood-pressure continues for 14—3 minutes, rarely more, and then the 
pressure gradually returns to its previous height. It is not usually severe in extent 
in rabbits; after a dose of 0°01 g. intravenously it generally amounts to about one- 
third the normal blood-pressure. In cats the fall is often greater, and not infrequently 
is preceded by a slight rise. ‘The extent of the fall in the last-named animals is shown 


in the following table, which expresses the result of two successive injections :— 


Minutes after injection . : : 5 : 0 3 9 
0004 g. Bp.in Mm. Hg. . ; ‘ . 135 (f) 130 
0002 gz. Bp.inMm. Hg. . ; : . 136 Bal 130 


Occasionally in cats a rise of blood-pressure has been the most prominent feature. 
This effect is seen in fig. 3, which illustrates the greatest rise of blood-pressure I have 
obtained with this substance. There was no fall below the normal subsequently. The 
vagal terminations in the heart were found to be paralysed between A and B, and 
to be again irritable between B and C. Two injections of 0°01 g. each were made in 
the same animal later, and in both instances a rise of blood-pressure to nearly the height 
of that shown occurred. The rise was more prolonged in each case, and the vagal 
endings were paralysed for a longer time than after the injection illustrated. The 
respiration was not graphically recorded in this experiment. 


i 
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When the respiration is paralysed and does not recover spontaneously the blood- 
pressure after a brief interval falls rapidly to a few millimetres. That this fall is 
mainly asphyxial is proved by artificial respiration, which quickly raises the pressure 
to the level it would probably have reached if respiration had recommenced. If the 
substance is injected after the administration of pilocarpine or during stimulation of the 
vagus a rise of blood-pressure always occurs. 

The fall in blood-pressure is probably cardiac in origin, since it is accompanied 
by a diminution in the frequency of the heart-beats; and as the vagus nerve endings 
are paralysed, the action of the drug would seem to be on the muscular tissue of the 
heart itself. The rise of blood-pressure seen occasionally in experiments with cats 
is accompanied by an increase in the number of the heart-beats due to paralysis of 
the vagal terminations. The cardiac muscle in these cases is not depressed sufficiently 
to counteract the effect of paralysing the vagus, but that some depression is produced 
is shown by the rise of blood-pressure being less than that obtained with a correspond- 
ing physiological dose of atropine. Moreover, increase in dose leads to a somewhat 
smaller rise of pressure. Why this prolonged rise should occur in isolated cases is difficult 
to explain. Probably a certain concentration of the drug in the heart acting for a brief 
interval only is necessary, but the condition of the heart itself may also be a factor. 


Action oN VoLunTARY MuscLeE anp Moror NERVES. 


The activity both of motor nerves, or more probably their terminations, and of 
voluntary muscle, is depressed by this drug. In rabbits the nerve endings appear to 
be more susceptible than the muscle; in frogs the muscle is at least as powerfully 
affected as the nerves. After an injection of 0°24 mg. protocatechyl-tropeine 
hydrochloride per gramme body-weight into the dorsal lymph sac of a frog, muscular 
weakness appeared within five minutes—the head began to droop and the animal 
became unable to turn over when placed on the back. A few minutes later the frog 
was quite flaccid. This condition and the paralysis of the respiration referred to 
previously was maintained during the period of observation (the frog died during the 
night). Although apparently completely paralysed, the frog occasionally made a slight 
voluntary movement, and a slight reflex was several times obtained on pinching a toe 
moderately strongly for some seconds. After 0°16 mg. per gramme body-weight was 
injected similar symptoms were observed. The head commenced to droop in twenty 
minutes and the animal gradually sank on the table. The reflexes, however, remained 
distinct, and when placed on the back an hour after the injection the frog recovered 
once, but not twice, from this position. The frog was pithed seventy-two minutes after 
the injection and the irritability of the sciatic nerves and gastrocnemii muscles tested. 
The sciatics reacted with the secondary coil at 35 cm., the muscles with the coil at 28 
cm. ‘The injection of 0°08 mg. per gramme body-weight produced only slight muscular 
depression. 
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On immersing a nerve-muscle preparation (gastrocnemius) in a 1—1000 solution of 
protocatechyl-tropeine hydrochloride in 0°6 per cent. sodium chloride and stimulating 
(one Daniell’s cell) the nerve and muscle alternately every three minutes, the 
contractions were found to fall with the same regularity in each case, and both muscle 
and nerve became inexcitable forty-five minutes after immersion. 

In a rabbit no muscular paresis was observed after 0°062 g. p. kg. intraperitoneally. 
Depression but not always paralysis of the nerve endings is obtained after intravenous 
administration to an anesthetised animal. ‘This is shown in fig. 4. The rabbit was 
prepared in the manner described, the right crural nerve was laid bare, and a hook was 
put into the right foot and connected by means of a thread working over pulleys to a 
weighted lever. After a practically constant effect had been obtained from stimulation 
of the nerve (one accumulator cell; secondary coil 12 cm.), 0°01 g. protocatechyl- 
tropeine hydrochloride was injected into the right facial vein. The contraction of the 
muscles produced by stimulation of the nerve gradually diminished until it disappeared 
two minutes after the commencement of the injection. Two and a half minutes later 
the limb muscles again responded to stimulation of the nerve, but the contractions did 
not assume their previous (normal) form until ten minutes after the injection of the 
drug. The tracing reproduced records a second injection of the drug; the same dose 
was administered at 11.19 and produced a similar effect. 

In a second experiment, in which both the right crural and sciatic nerves were 
exposed, it was found that the muscles, when stimulated directly, contracted in the 
neighbourhood of the electrodes at a time when the nerves were inexcitable. It would 
seem, therefore, that in the rabbit the nerve endings are more susceptible to this 
compound than the muscular substance. 

An interesting point is the want of correlation between the rep eTitOn and the neuro- 
muscular effects; at a time when the latter are most manifest the respiration is 
practically normal. The explanation is probably to be found in the stimulus of the 
respiratory centre being physiologically more powerful than the electrical stimulus 
used, and thus able to overcome any tendency towards paresis of the respiratory 
muscles. As bearing upon this point, evidence was obtained showing that the paralysis 
of the muscles and nerve endings was only relative, z.e. only for minimal or moderate 
stimuli. The effects on the blood-pressure and the neuro-muscular system, on the 
other hand, are correlative, the fall of blood-pressure being mainly, if not solely, due 
to an action on the cardiac muscle. 


REMARKS ON THE ACTION OF THE DRUG ON THE RESPIRATION. 


Rapid cessation of respiration in the expiratory phase has been described by 
‘'apPEINER”® after the intravenous injection of methyl-phenyl-isoxazol-methochloride, 
diphenyl] - methyl - pyrazol- methochloride, dimethyl] - phenyl - pyrazol - methochloride, 

* Arch. f. exp. Path, u. Pharm., xxxvii., p. 325 [1896]. 
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and tetra-methyl-ammonium chloride; and by Pox * after the intravenous injection of 
papaverin-methochloride, papaveraldin-methochloride, and papaverinol-methochloride. 
None of these substances produced the effect when administered hypodermically. 

As the result of his experiments, TAPPEINER came to the conclusion that methyl- 
phenyl-isoxazol-methochloride stimulated the terminations of the trigeminal nerve, and 
that the effect produced was, in reality, a Kratschmer-Hering reflex. Thus he found 
that cocainisation of the nasal mucous membrane prevented the respiratory paralysis ; 
and that while cocaine administered intravenously also antagonised the action of the 
isoxazol, the dose required was larger than when the cocaine was applied directly to the 
nose. ‘The action of tetramethyl-ammonium chloride and the other substances investi- 
gated by him was explained in the same way. IopLBavER,t who investigated tetramethyl- 
ammonium chloride more minutely under TAPPEINER’s direction, came to the same 
conclusion. PoHL, however, still obtained the characteristic stoppage of the respiration 


Fic. 5.—Effect of 0°01 g. protocatechyl-tropeine hydrochloride intravenously on decerebrate rabbit with both fifth cranial 
nerves cut. Tracing of respiration taken by connecting one limb of tracheal cannula to a tambour ; other limb left open. 
Time in seconds. 


after cocainisation of the nose and after division of the ophthalmic branch of the fitth 
nerves, both in the case of papaveraldin-methochloride and of tetramethyl-ammonium 
chloride, and he therefore maintains that the action is a central one. The action of 
protocatechyl-tropeine is also upon the centre. The typical effect on the respiration is 
still obtained when the brain above the pons is excised and both the fifth cranial nerves 
are cut within the cranium (fig. 5). Moreover, the same action is obtained in cats 
(fig. 1), animals in which the typical Kratschmer-Hering reflex is not present. And 
since the effect on the neuro-muscular system is not coincident in time with the effect 
on the respiration, the cause of the latter would seem not to be peripheral. It has, 
however, been shown that the motor nerve endings in the diaphragm may be affected 
differently, either as regards time or degree, from those of many other voluntary 
muscles, and it therefore seemed desirable to determine whether the diaphragm played 
any part in producing the respiratory paralysis. Accordingly, in an anesthetised 


* Arch. Internat, de Pharmacol., xiii., p. 479 [1904]. + Ibid., vii., p. 183 [1900]. 


THE PHARMACOLOGICAL ACTION OF PROTOCATECHYL-TROPEINE. 281 


animal, both phrenic nerves were cut and the respiration registered by a connection 
with the tracheotomy tube. On injecting 0°01 g. protocatechyl-tropeine hydrochloride 
into the external jugular vein the respiration ceased thirteen seconds after the 
commencement of the injection (fig. 6). 

In connection with the production of temporary cessation of the respiration, the 
question of dose is of paramount importance. The concentration of the drug producing 
this effect in the blood supplying the medulla can apparently vary only within narrow 
limits. Hence not only the amount of drug injected but also the time occupied by the 
injection is of moment. ‘his explains why the effect does not result from hypodermic 
or intraperitoneal administration. It is probably owing to this fact that the effect has 
not been observed more frequently. It can certainly be produced by a number of 


UU UU 


Fic. 6.—Effect of 0°01 g. protocatechyl-tropeine hydrochloride on respiration of rabbit with both phrenic nerves divided, 
Tracing taken as fig. 5, but with air-exits closed. Time in seconds. 


drugs, but the doses of those which induce it fall within very narrow limits. In many 
of these cases the effect is probably merely that of a protoplasmic poison, and the 
respiration is most obviously affected because the respiratory centre is the most 
sensitive of the medullary centres to this class of substances. This hypothesis, however, 
does not seem sufficient to explain the actions of the substances already mentioned. 

In a preliminary report on the physiological action of pukateine, an alkaloid 
isolated by Aston * from pukatea bark, Maucoum says: ‘“ Intravenous injection of 10 mg. 
into an anesthetised rabbit caused sudden stoppage of respiration without convulsions: 
the heart continued to beat vigorously for a long time afterwards.” As Mr Aston 
had given me some years ago a specimen of the mixed alkaloids isolated by him from 
pukatea bark, I was able to investigate this point. The alkaloids were first converted 
into the hydrochlorides. On injecting 0°01 g. intravenously (time occupied by 
injection, seven seconds) into a rabbit (wt. 2100 g.) the respiration was not 


* Annual Rep., New Zealand Dept. of Agriculture, 1908, Chemistry Division, p, 226. 
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paralysed; it began to get shallower ten seconds after the commencement of the 
injection, and reached its lowest point five seconds later, from which time it very 
gradually returned to the normal. The blood-pressure commenced to fall before the 
respiration was affected, and fell from 87 mm. before the injection to 58 mm. twelve 
seconds after the commencement of the injection. From this point it gradually rose in 
three minutes to 107 mm. The effect of a subsequent injection of 0°02 g. caused 
almost complete cessation of respiration for half a minute, and then a very gradual 
return to normal breathing. The fall in the respiratory curve, however, was less 
abrupt, the blood-pressure was more quickly and more powerfully influenced, and the 
return of normal respiration was later than occurs after protocatechy]-tropeine. 

The other synthetic tropeines I have investigated do not distinctly influence the 
respiration in doses which depress the vagal endings, but doses of both atropine and 
homatropine may be found which will cause temporary cessation of the respiration. 
The dose of atropine necessary for rabbits is about 0°0001 g. per kg. body-weight 
intravenously. After this dose, however, the return of normal respiration is less 
rapid than after the administration of protocatechyl-tropeine. Homatropine, in doses 
of 0'005 g. per kg. body-weight intravenously, produces a more transient effect on the 
respiration and a greater effect on the blood-pressure than atropine in the dose 
mentioned. I have also succeeded in producing temporary stoppage of the respiration 
with the allied alkaloid cocaine, and with §-eucaine and other local anesthetics. I 
failed, however, to produce the effect with ammonium hydroxide. A certain degree of 
recovery may, with appropriate doses, be obtained after intravenous administration of 
this substance, but this recovery is not maintained, and the respiration fails again unless 
artificial respiration is performed. The best effect I have obtained was from the 
injection of 0°025 g. ammonium hydroxide per kilogramme body-weight. Larger 
amounts of ammonium hydroxide may be followed by a few spontaneous respirations, 
but they paralyse the respiration permanently unless it is restored by artificial means. 
Doses less than 0°01 g. per kilogramme generally increase the respiratory movements ; 
above this dose the movements are diminished. 


COMPARISON OF EFFECTS ON BLOOD-PRESSURE. 


All the drugs previously mentioned, in doses which temporarily abolish the respira- 
tion, diminish in rabbits the frequency of the heart-beats. The effect is greatest in 
the case of methyl-pheny]-isoxazol-methochloride and tetramethyl-ammonium chloride, 
and least in that of the tropeines. In most cases there is also a fall in blood-pressure. 
Methy1]-pheny]-isoxazol-methochloride, however, notwithstanding the marked slowing of 
the heart produced by it, causes, after a preliminary slight fall, a rise of blood-pressure, 
which is due, according to TappEINER,* to stimulation of the medullary centres. The 
slowing of the heart and fall of blood-pressure produced by tetramethyl-ammonium 


* Loc. cit. 
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chloride, and probably also by the alkaloid pukateine, are due mainly to stimulation of 
the vagal terminations. According to lopLBauzER,* the effect of tetramethyl-ammonium 
chloride is less after section of both vagi, and consequently he concludes that its action 
on the circulation is partly, if not mainly, central. He also obtained a marked rise of 
blood-pressure when this drug was injected after atropine, a result he attributes to 
stimulation of the vasomotor centre. I have obtained a rise of blood-pressure on cutting 
both vagi a few minutes after the injection of tetramethyl-ammonium chloride, but have 
not observed any difference on the frequency of the heart-beats after injection of this 
substance whether the vagi were divided or not. After atropine had been given, the 
usual slowing of the heart did not occur, nor was there any rise of blood-pressure. 

The slowing of the heart’s frequency and the fall of blood-pressure produced by the 
papaverin derivatives investigated by Pout are attributed by him to the stoppage of 
the respiration. He does not, however, refer to any investigations bearing on this point 
in his paper, and he gives no tracings from which the action on the circulation might 
be inferred. 

The action of protocatechyl-tropeine on the circulation differs from that of most 
substances producing temporary paralysis of the respiration, in that it paralyses the 
vagal endings within the heart. Hence the diminution in the frequency of the heart- 
beats and the fall of blood-pressure are less than are produced by most members of this 
class of respiratory paralysants. As previously stated, the fall of blood-pressure caused 
by these tropeines is probably due to a depressant action on the cardiac muscle, an 
action which in all probability is present in the case of the other substances also. 

From these statements it is evident that no uniformity, such as exists in the case of 
the respiration, characterises the action of these different substances on the circulation, 
and this further supports the statement made previously that their action on the two 
systems is not correlated. 


REMARKS ON THE RELATION BETWEEN CHEMICAL CONSTITUTION AND 
PHARMACOLOGICAL ACTION. 


Protocatechyl-tropeine, as previously stated, was one of a series of tropeines in- 
vestigated for the purpose of determining the difference between a lactone and the 
corresponding hydroxy-acid. As it is not a lactone it was used as one of the control 
substances, and it was found that, unlike pilocarpine and the lactone-tropeines, it does 
not lose its action when a molecular quantity of caustic alkali is added to its aqueous 
solutions. Even the addition of distinct excess of caustic alkali and prolonged standing 
do not influence its pharmacological action to any appreciable degree. It is evident, 
therefore, that the replacement of the hydrogen of the phenolic hydroxyls by an alkali 
metal is of no pharmacological importance. 

A point of interest on which the action of protocatechyl-tropeine eos a little 


* Loc. ctt. 
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light is the part which the constituent groupings play in the pharmacological action of 
tropeines. BucHueim,* LapensurG,t and others have found that various aromatic 
acidic groups could be attached to the base tropine, and an atropine-like action 
be obtained ; whereas Crum Brown and FRasmr,{ and more recent observers, have 
shown that alterations in the tropyl radical generally produce profound changes in the 
pharmacological action of a tropeine. This suggests that the fundamental action of 
these tropeines depends on the tropyl radical, and that the interaction with the so- 
called nerve endings occurs through the mediation of the acidic grouping. Whether the 
acidic group has any other action than a connecting or haptophoric one with the tissues 
is difficult to decide. Many of the tropeines, in so far as they have been investigated, 
differ little except quantitatively in pharmacological action from atropine, and it is open 
to assume that in these compounds the acidic groupings are purely haptophoric in 
character, since their different quantitative effects might be explained by differences in 
the power with which the acid group is able to attach the tropyl group to the nerve 
endings. GorTLiEB,§ however, showed that certain tropeines act very differently from 
atropine—acetyl-tropeine causes convulsions and succinyl-tropeine paralysis, and neither 
affects the vagus endings or the pupil; and in view of the comparatively-simple nature 
of the acid groups of these compounds, it seems questionable whether any distinctive 
action can be attributed to the constituent groupings of tropeines. In the case of 
protocatechyl-tropeine we have a compound which differs materially in action from 
other tropeines, yet most of its actions can be demonstrated with atropine. But while 
it acts much less powerfully than atropine upon the vagal endings in the heart, it acts 
more powerfully on voluntary muscle, and has an action on the respiratory centre which 
atropine shares to a relatively slight degree. It may be that these differences might be 
explained by the presence of ditferent receptive substances in the different tissues, but 
this view would scarcely explain why, in small doses, atropine exerts a stimulating effect 
on the respiratory centre, and protocatechyl-tropeine no such stimulant action. Un- 
fortunately, it is not possible to determine the action of the two constituent groups of 
these compounds by investigating the products of their hydrolysis. It was early 
shown by Fraser? that tropine and tropic acid produce no atropine-like action, and it 
was consequently not surprising to find that simple protocatechyl compounds possess no 
action like that of protocatechyl-tropeine. The substances I investigated were proto- 
catechyl-aldehyde,|| methyl-protocatechyl-aldehyde (vanillin), and di-methyl-proto- 
catechyl-aldehyde (piperonal). Intravenous injections of these compounds produced no 
effect on the respiration resembling that produced by protocatechyl-tropeine. There is 
thus no evidence leading us to assume that the actions of protocatechyl-tropeine can be 
attributed with any certainty to the two cunstituent groupings individually. 


* Arch. f. exp. Path. u. Pharm., v., p. 463 [1876]. + Annalen d. Chemie, Bd. 217, p. 82 [1883]. 

t Trans. Roy. Soc. Edin., xxv., p. 693 [1869]. § Arch. f. exp. Path. u. Pharm., xxxvii., p. 218 [1896]. 
“| Proc. Roy. Soc. Edin., 1869, p. 558. 

|| Prepared by acting on piperonal with phosphorus pentachloride. 
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All the substances previously investigated which have been shown to paralyse 
temporarily the respiration are quaternary bases. The tertiary bases corresponding to 
these did not, where tried, affect the respiration. Protocatechyl-tropeine, however, is a 
tertiary base, and chemically has nothing in common with the other substances pro- 
ducing the same respiratory effect. But it possesses another physiological action 
common to many of them, namely, the power of paralysing the motor nerve endings to 
voluntary muscle. It is questionable, however, if this connection is more than a co- 
incidence, since trimethyl-ammonium chloride, triethyl-ammonium chloride, and 
tetraethyl-ammonium chloride, which paralyse motor nerve endings, have no paralysing 
action on the respiratory centre;* and the papaverin bases which do produce re- 
spiratory paralysis do not paralyse motor nerve endings. 


SUMMARY. 


Protocatechyl-tropeine paralyses the vagal endings in the heart, but is much less 
powerful than atropine, or even homatropine. 

It depresses muscular activity, especially in frogs, and interferes with the con- 
ductivity of motor nerves, or more probably the myo-neural junctions, in rabbits. 

In certain doses, it paralyses temporarily the respiration, and causes a gradual fall 
of blood-pressure ; but the two effects are not apparently correlated. In cats, a rise of 
blood-pressure sometimes occurs, owing to the paralysis of the vagal endings. 

The temporary stoppage of the respiration is due to paralysis of the respiratory 
centre, and not to a peripheral action. 

No evidence indicating separate pharmacological actions of the two component 
groupings of the compound was obtained. ; 


* TAPPEINER, loc. cit. 
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INTRODUCTION. 


Under the name Tutu, three species of Corraria—C. ruscifolia (L.), C. thymifolia 
(Humb. & Bonp.), and C. angustissima (Hook.) *—are usually included. Other species 
have been described, but they appear to be varieties only. All the forms are poisonous, 
and in times past this plant has proved a serious hindrance to the rearing of stock in 
New Zealand. Linpsay,t in the course of a tour through the country during the latter 
part of 1861 and the earlier months of 1862, “‘ was everywhere struck by the abundant 
evidences of the devastation produced among flocks and herds from their feeding on the 
toot plant”; and he further states that ‘‘ he seemed a fortunate farmer or runholder who 
had not lost more than 25 per cent. of his stock from toot-poisoning; while in some 
instances the losses were so high as 75 per cent.” 

In order to gauge the extent of its ravages at the present time, a circular letter, dated 
25th July 1900, was sent by Professor KasteRFIELD and Mr Astron to every medical 
man in New Zealand, and to such laymen as they thought might take an interest in the 
matter. Very few replies were received (4 from medical men, 10 from laymen),{ and 
none of them indicate the extent of the malady. On the whole, the correspondents 
corroborate the observations of Linpsay (J.c.). The following account summarises the 
statements made in the letters and in the extracts from the lay press submitted to me. 

* C. ruscifolva is commonly known as “tree-toot.” It grows to a variable height, sometimes to 6-8 metres, and 
has glossy, succulent leaves and shoots. C. thyméfolia or “ground-toot” usually grows to 30-50 cm. in height, and has 
small leaves and flowers. C. angustissima is herbaceous, and grows about 50 cm. high. Its slender branches terminate 
in very fine branchlets which carry numerous leaves, thus giving the plant a fern-like appearance. It is compara- 
tively rare. 

+ “On the Toot Plant and Poison of New Zealand,” Brit. and For. Med.-Chir. Rev., July 1865, p. 153. 


{ These were kindly sent to me by Mr Aston. 
TRANS. ROY. SOC. EDIN., VOL. XLVII, PART II, (NO. 13), 44 
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The plant seems to be most dangerous in spring. At this season it puts forth thin, 
succulent shoots before other vegetation appears, and it is consequently liable to be 
eaten in large quantities as soon as the animals are turned out to graze. Later in the 
year, when fodder is abundant, poisoning is less common and the symptoms less severe. 

The symptoms observed after tutu is eaten are very similar in both cattle and 
sheep. Unsteadiness, stupor, and convulsions are the chief, and they usually occur in 
this order. Any one of these may be predominant, but the convulsions are the most 
characteristic. After bemg “tooted” the animals may show no symptoms until they 
are aroused, when unsteadiness and staggering expose the condition. The animals, it is 
said, frequently run about as if wild, often against obstacles, and if any water is near at 
hand they may rush into it and be drowned. If such an accident does not occur, 
convulsions of a clonic type develop, and the animals die in these or during the period 
of exhaustion which follows. 

Other animals are affected in a similar manner. Fowls have been poisoned by 
eating the seeds, and an elephant by eating the young shoots. Pigs and rabbits + are 
said to be immune, but the statement is untrue. This was proved for the pig by 
Mr J. A. GitrutH (v. p. 290), and for the rabbit by myself. Men, and especially 
children, have frequently been poisoned by eating the fruits (so-called “‘ berries”). The 
juice of these is innocuous, and was made into a beverage by the Maoris; the seeds, 
however, are poisonous. The main symptoms noted have been vomiting, giddiness, 
stupor or excitement with delirium, convulsions, and coma; but cases appear to have 
varied considerably in the clinical picture they have presented. A notable effect is 
loss of memory: in most of the cases of recovery described, there has been no remem- 
brance of eating tutu, or of the convulsions and other symptoms which followed. 


ACTIVE PRINCIPLE. 


The earliest recorded chemical investigation of the toot plant was made by Mr 
W. Sxey,{ Analyst to the Geological Survey of New Zealand, and was published in 
1869.§ By exhausting an alcoholic extract of the seeds of C. ruscifolia with ether, he 
obtained a pale green viscid oil, five minims of which, administered to a cat, caused 
almost immediate vomiting, followed in half an hour by uneasiness and convulsive 
twitches of the ears and eyes accompanied by forward jerking of the head. These 
symptoms culminated in a convulsive fit about one hour after the substance was 
administered. The animal eventually recovered. He concluded that the active 
principle existed in the oil, if it was not the oil itself; and he conceived the idea that 


* Trans. N.Z. Instit., vol. 1. p. 399 [1869]. 

+ Ibid., vol. iii. p. 242 [1870]. { Ibid., vol. ii. p. 153 [1869]. 

§ Dr Lauper Linpsay (/.c.) mentions that Dr Murray THomson of Edinburgh undertook a chemical investigation 
of the specimens brought home by him, but owing to Dr Thomson’s removal to India the research was not completed. 
Sxey also states that “a great many experiments have from time to time been made upon the toot plant with the 
object of extracting the formidable poison known by sad experience to exist therein”; but as no other mention is made 
of these, they had probably ended in failure, 
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the oil was a fixed oil, and consisted of esters of peculiar fatty acids, to one or more of 
which acids he ascribed the poisonous effects obtained. In the following year Hucuss * 
endeavoured to show that the active principle was an. alkaloid; but the crystalline 
principle he isolated was not properly examined, and his experiments are otherwise 
unconvincing. Nothing further was done until 1900, when HasrerFieLp and Aston, t 
by extracting a purified decoction of the plant with ether, obtained a crystalline 
glucoside from each of the three kinds of tutu. This substance, which they termed 
tutin, and to which they ascribed the formula C,,H,.0,, has proved to be the active 
principle of the plant. It was sent to me for pharmacological investigation, and | 
desire at this point to express my indebtedness to them for the material with which 
they have supplied me. 

Other substances were isolated from the three species of Coriama investigated : 
quercetin from C. thymifolia ; acetic, gallic, succinic, and a few other well-known acids 
from C. ruscifolia; and a volatile acid, C,H,0,, which has not been identified, from 
C. angustissima ; but these are obviously not the cause of the physiological activity of 
the toot plant. 


Previous PHARMACOLOGICAL INVESTIGATIONS. 


Apart from the published descriptions of accidental cases of poisoning in man and 
animals, and the solitary experiment of Skry already mentioned, our knowledge of the 
action of tutu is limited to a few experiments made by Mr Acurson{ and to an 
investigation of Dr W. LepincHam CuristIE.§ 

AcHESON administered an aqueous extract prepared by Hucuxs to dogs and cats, 
and noticed, after giving 15 grains or more, increased frequency of respiration, with 
slight twitchings of the extremities followed by severe attacks of convulsions. He 
found that the extract rapidly decomposed, and after a few days gave practically no 
pharmacological action, and that lime decomposed the poison and seemed to act as an 
antidote. 

CHRISTIE'S investigation included some observations on the effect produced by 
different doses of a crude extract, and some experiments to determine the mode of 
action of the drug. After the administration of small doses of an aqueous extract by 
the mouth or hypodermically to dogs and cats, he observed salivation and apparent 
nausea, and after somewhat larger doses vomiting also. Still larger amounts (corre- 
sponding to 40-50 grains of the leaf) caused in addition, and commencing within half 
an hour, “ twitching of the smallest muscles, as those of the eyes, nose, and ears. Then 
the muscles in front of the neck began to jerk, the fore paws began to follow suit, 
and soon the hind limbs and tail were affected.” LHarly and late dyspnea, erection of 
hairs, and increased frequency of micturition and defecation were noted. The vomiting 
he believed to be partly gastric but mainly medullary in origin; the early dyspncea 


* Trans. N.Z. Instit., vol. iii, p. 237 [1870]. t Trans. Chem. Soc., vol. 1xxix. p. 120 [1900]. 
t Trans. N.Z. Instit., vol. iii. p. 241 [1870]. § N.Z. Med. Journ., 1890, July and October, 
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he attributed to the nausea, and the late dyspnoea to the convulsions. Rabbits he 
found insusceptible ; but the method of administration adopted—injection of an ethereal 
solution, at first hypodermically, then into the pleural cavity, and later into the 
peritoneal cavity—in the two experiments mentioned was unfortunate. And _ his 
experiments on birds are similarly vitiated. 

He endeavoured to localise the action of tutu by the following experiments. After 
obtaining convulsions from an intrapleural injection of two minims of oil of tutu, he 
sliced off the grey matter of the deft motor area, and noted that when the effect of the 
aneesthetic had passed away the movements were limited to the rzght fore and hind 
paws. From this experiment he concluded that ‘‘ when the cortex is absent there are 
no convulsions in the corresponding muscular area.” In a second experiment he 
injected an ethereal solution of oil of tutu subdurally in the right parietal region, and 
obtained symptoms which were undoubtedly due to the ether injected and the 
increased intracranial pressure produced; but he obtained also, as late symptoms, 
twitchings of the left eyelid and later of the left fore and left hind limbs. Eventually, 
the movements became more symmetrical. In a third experiment the ethereal solution 
was applied to a (decorticated ?) portion of the left cortex, and was also “inserted deep 
towards the base posteriorly.” ‘‘ Blindness and impaired intellectual perceptions ” were 
marked, and a convulsion subsequently supervened. Convulsions are said not to 
occur below a section of the spinal cord, but no details of the experiment are given. 
From these experiments he concludes that “the cortex of the motor area is the chief 
part affected ; but the sensory and cerebellar as well as the optic lobes, etc., or corpora 
quadrigemina, seem to be irritated, for movements of the eyes occurred in some cases.” 
Harlier in the paper he doubts if the basal ganglia take any part in producing the 
convulsions. 


GENERAL Errect oF TuTIN. 


The effect of tutin was tried, soon after its isolation, on a pig by Mr A. J. GinrutH, 
M.R.C.V.S., and on two cats by Mr A. R. Younc, M.R.C.V.S. The pig (35 lbs.) 
received two grains dissolved in water with its food. In half an hour spasmodic closure 
of the mouth was noted, and somewhat later accelerated respiration and vomiting, 
which increased in severity until convulsions set in. The animal died four and a half 
hours after the administration. The cats which were given tutin in solution suffered 
mainly from convulsions followed by coma. Death occurred in forty minutes. 

My own observations have been made on rabbits, guinea-pigs, frogs, tadpoles, and 
young trout. Im all, the effects produced were very similar, so that, taking into 
consideration the accidental poisoning observed in many of the higher animals, it is 
evident that the toot plant is a poison to all classes of vertebrates. 

On Rabbits.—In rabbits, after a lethal dose there is a variable period of quietude, 
accompanied by a diminution in the number of the heart-beats and an increase in the 
frequency of the respirations, which is followed by tonic and clonic convulsions. The 
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earlier convulsions usually commence in a tonic spasm. The animal presents a 
frightened appearance, the muscles of the limbs increase in tone and become rigid, 
and opisthotonos develops. ‘This tonic spasm terminates in a clonic one, which in 
turn ends in exhaustion. During the convulsion, respiration is absent, and it may not 
return until the period of exhaustion has lasted for two minutes or more. A few 
minutes later the animal sits up and appears normal. This alternation of convulsions 
and exhaustion with a normal appearance may occur many times; but after a few 
convulsive attacks, clonic movements of the limbs, usually accompanied by retraction 
of the head, generally become constant. Salivation, dilatation of the pupils and of 
the vessels of the ears, are frequent symptoms. Death may occur in the first or a 
subsequent convulsion, or may result from exhaustion. 

After non-lethal doses the convulsions are generally less severe but more character- 
istic. There is, at first, usually an appearance of clinging to the ground, often 
accompanied by muscular tremors, and the gait becomes hesitating and spasmodic ; 
but the convulsions themselves commence with twitches about the eyes or mouth, or 
‘ with erection or retraction of the ears, and extend to the whole head and fore part 
of the body. Frequently these movements rapidly terminate, especially in the earlier 
attacks, in a tonic convulsion; but later the convulsions are almost solely clonic. At 
this period, most frequently in animals which have been given a relatively small dose, 
a curious series of movements often occurs. The animal commences to push backwards 
with its forefeet, the hind parts being kept fixed, until it may, when the whole move- 
ment is carried out, perform a somersault over its tail. The movement may be 
abandoned at any point, and the animal may remain in the constrained position or 
assume a normal attitude. The movement may also be preceded, or accompanied in 
its early stages, by clonic spasm of the face or head, and it may terminate after the 
somersault in a convulsion. CHRISTIE mentions somersaulting round a transverse axis 
in the protocol of one of his experiments on cats. 

Tooted rabbits frequently lay, often for long periods, with the hind limbs more or 
less outstretched and with toes outspread as in the final stages of a spring. This 
position was so common that I termed it “ characteristic position.” 

Doses which do not produce convulsions have an effect on the medullary centres 
which will be described later. 

The lethal dose* for rabbits is about 0°0025 grm. tutin per kg. body-weight 
administered by hypodermic injection. After such a dose, death usually occurs from 
exhaustion. The lethal dose cannot be determined with exactitude, as it varies some- 
what with external influences. Thus a dose which is usually non-lethal may be 


* In a “Report on the Physiological Action of Tutin” by Dr Fircaerr and Professor Maucoum, published in the 
Annual Report of the New Zealand Department of Agriculture for 1908, which has reached me since the above was 
written, the minimal iethal dose of tutin by hypodermic injection (unless otherwise stated) is given in mg. 
per kg. body-weight as follows :—cats, 0°75 ; guinea-pigs, 2; rabbits, 2°5 ; lizards, 3-4 ; birds, 10°5 (by oral adminis- 
tration) ; frogs, 10°5 ; fishes, 50 (when immersed in the solution), An extended report by FrrcnHerr and Matcoum has 
appeared as this paper is passing through the press (see note at end). 
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converted into a lethal one by turning the animal on its back a few times, thereby 
inducing convulsions. 

The minimal dose causing convulsions in rabbits is about 0°001 grm. per kg. body- 
weight. Larger doses may be given with impunity if the animal remains quiet, and 


Exprriment I.—0-002 gim. Tutin per kg. Rabbit. Weight, 585 grm. 


Time. Observations. 


12.19 0°58 c.c 1 in 500 tutin solution injected under skin of back. 
12.29 Lay down and stretched hind limbs out. Respiration very rapid. 


12.38 Moved backwards somewhat spasmodically ; on resting, fore limbs commenced to slide for- 
wards. Respiration rapid. 
12.44 Occasional slight noddings of head. 
12.49 Head-nodding more marked. Tremors affecting whole fore-half of body. 
12.59 Convulsion, affecting almost solely right side of face and head—retraction of head with 
rotation to right, closure of right eye. Quickly recovered. 
1.4 Mild tremors over whole body. Moved about very carefully for a short time, and after- 


wards assumed a crouching attitude as if about to spring. A few spasmodic movements 
forwards were made later, but the same crouching position was maintained for fifteen 
minutes. Occasionally tremors over the whole body occurred. Pupils dilated. 

1.27 Clonic convulsion, mainly left-sided, and limited to fore part of body—the animal stood up 
on its fore limbs, the left ear was drawn back, the right remaining erect ; both sides of 
head, except the eyes, were next affected with coarse clonic movements. Convulsion 
lasted one and a half minutes. Slight salivation present. 

1.33 Another mild clonic convulsion ; limited at first to the mouth, then affecting the whole head 
(30” after commencement), and finally involving the hind feet (90” after commencement), 
which, however, only moved slightly. Rotation of head to left occurred (120” after 
commencement). Respiration, which had been markedly quickened, became slower. 


1.39 Laid on venter; fore feet pushed out in front ; ears retracted. Almost constant tremor. 

1.41} | A third severer convulsion lasting 135”. At one time slightly right-sided. Salivation 
continues. 

1.46 An attempt to lick a part on the right side produced clonic movements which ended in a 
convulsion. Marked winking occurred in this. 

1.57 Clonic convulsion. In this convulsion the animal fell over on its side, and then showed very 


marked clonic movements—the legs moving very rapidly, as in running. 

2.1 Similar clonic convulsion. 

2.8 Convulsion affecting mainly the fore part of the body, especially the mouth and head. The 
animal repeatedly fell over on its side, but recovered its position each time. The con- 
vulsion lasted three minutes. 

2.144 | Convuision similar to last. 

2.254 | Quiet since last note. Suddenly made several high springs, and entered into a tonic convul- 
sion (slight opisthotonos): a transient rest was followed by clonic movements (running, 
biting, ete., movements). Head retracted in the main. Salivation. 


2.55 Clonic movements of whole body have continued without cessation since last uote. There 
has been an occasional spasmodic cry. 
3.0 Very transient tonic contractions. 
| 3,2 Tonic contractions of longer duration ; several cries, 
3.10 More powerful clonic movements ; more frequent cries, with rapid respirations. 
3.30 Improving ; sitting up better, 
4.0 , Convulsion ; fell on side, and exhibited running movements. Afterwards gradually improved. 
bigs } Practically well. 
morning. f | < 


probably smaller doses will induce convulsions if the animal is repeatedly stimulated,* 
but below this point the medullary effect of tutin is generally alone apparent. 


* It is well known in New Zealand that tooted sheep may not show any abnormal symptoms if left alone, but if 
driven they become excited and enter into convulsions. 
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The course of the intoxication in rabbits after different doses of tutin is shown in 
Experiment I. gives the effect of a nearly lethal dose, and 


the following protocols. 


Experiment II.—0-001 grm. Tutin per kg. Rabbit. Weight, 950 grm. 


Time. 


12.0 
12.5 
12.16 


12.23 
12.28 
12.35 
12.54 


12.58 


Hm CODD Rt 
ocownhbwon 
(Stoo) 


Heart- | Respira- Tempera- @isereaniane 
beats. tion. ture. 

276 72 391° | Temperature of room 16° C. 

oe Bac 0°48 c.c. 1 in 500 tutin solution injected under skin of back. 

192 132 Slight dyspneea. Lar vessels somewhat dilated. Animal has been 
resting since injection. 

180 144 

192 168 ae Lay down and stretched hind legs back. 

174 156 37°6° | When lifted up the hind feet clung to the fingers. 

198 132 ace Slight trembling occurred at intervals, and terminated in a 
convulsion two minutes later, which was mainly tonic, and 
seemed to prove almost fatal. 

Tremors of mouth, and later of fore limbs, recommenced and 
gradually increased in intensity. The convulsion lasted two 
minutes. Afterwards the animal lay on venter with hind legs 
stretched backwards as before. 

240 84 371° | Fine tremors present apparently over whole body. 

236 144 ace Tremors more marked ; otherwise same. 

216 108 37°6° 

276 108 38°1° | Somewhat better. 

276 108 387° | Much better; has not moved since last note. 

258 84 39°2° | Apparently well. 


Experiment IJ. the effect of a minimal convulsant dose. Experiment III. shows the 
result of administering a non-convulsive dose. P refers to the number of heart-beats, 
and R to the number of respirations per minute; T refers to rectal temperature. 


ExpERIMENT ITI.—0-0005 orm. Tutin per kg. Rabbit. Weight, 1100 grm. 


Heart- 


Respira- 


Tempera- 


eames beats. tion. ture. OPsenvations: 
12.0 252 66 39°5° | Temperature of room 16° C. 
12.4 Ye ne 0:28 e.c. 1 in 500 tutin solution inje-ted under skin of back. 
12.10 252 S02 Animal moving about. 
12.15 216 156 Appears slightly depressed. ar vessels dilated somewhat. 
12.21 192 180 Dyspneea. Heart-beats feel more forcible. 
12.28 186 228 bist Seems distinctly depressed, and shows no inclination to move. 
12.33 156 228 37°6° | When animal was lifted up the movements of the hind legs were | 
found to be weaker and inco-ordinate. | 
12.44 168 144 Trembling slightly. Ear vessels more contracted. 
12.53 156 156 
1.3 168 108 38°0° 
1.18 204 144 
1.33 228 96 38°7° | Trembling still present. | 
2.0 264 84 39°6° | Apparently well. | 
3.3 252 72 
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To a rabbit weighing 700 grm. a dose of tutin corresponding to 0:0002 grm. per kg. 
body-weight was given without any effect beyond a slight one on the pulse, respiration, 
and temperature. The pulse fell from 228, the rate before the injection, to 192 thirty 
minutes after the injection; the respiration rose from 54 to 60; the temperature fell 
in the hour succeeding the administration from 390° C. to 382° C. 

Three days afterwards a dose corresponding to 0°0003 grm. per kg. body-weight was 
given to the same rabbit. The heart-beats fell from 276 to 180 forty minutes after 
the injection, and the temperature from 39°3° to 37°6° one hour after the administra- 
tion. The frequency of the respirations rose from 60 to 120 in thirty minutes. 

On Guinea-pigs.—Similar symptoms to those described as occurring in rabbits 
occurred in guinea-pigs. These animals appear, however, to be more susceptible than 
rabbits to tutin, as the following experiment shows :— 


Experiment 1[V.—0-001 grm. Tutin per kg. Guinea-pig. Weight, 458 grm. 


Time. Observations. 


12.35 0°46 c.c. 1 in 1000 tutin solution injected under skin of abdomen. 


1.14 | Commenced to jerk head. After this ceased, animal began to move about carefully, the 
feet appearing to cling to bench. 

1.28 | Coarse tremors of head, which extended to whole body. 

1.324 | Convulsion commencing in fore part of body. The animal then rolled over several times, 


and finally stood up on toes and remained almost in a tonic spasm. The convulsion 
lasted 90”. Afterwards the animal moved about carefully and somewhat stiffly. 
_Convulsion similar to previous one ; lasted one minute. 

Clonic movements; these caused the animal to run about the bench. They were followed 
by tonic contraction of the head muscles—eyes closed, ears drawn back, ete.—and by 
further clonic movements of limbs. On taking up the animal it entered into a tonic 
convulsion which lasted about a minute, and then the animal died—there was sudden 
and complete relaxation of the muscles, but the heart beat slowly for nearly a minute. 


Frogs.—In frogs also the most prominent symptoms are tonic and clonic 
convulsions. After a short period, during which the animal is apparently normal, it 
appears to be depressed and weaker, and gradually sinks down on the bench. The 
respiratory movements are usually deeper. If a large dose has been given, repeated 
opisthotonic convulsions, sometimes accompanied by a cry apparently resulting from 
spasm of the laryngeal muscles, follow. The convulsions may come on suddenly or 
may commence in retraction of the head, or, more rarely, in spasm of the hind legs. 
In the intervals, if these are short, the animal lies exhausted, but if of long duration it 
may move inco-ordinately and assume bizarre positions. Usually exhaustion supervenes 
and the animal appears dead. 

After smaller doses the convulsions tend towards a clonic type, although with 
freshly caught frogs, transient opisthotonos, more rarely emprosthotonos, is common 
even with small doses. In frogs kept in confinement for some time, the convulsions 
develop in a more definite manner—the eyes are closed, the head retracted, then the 
fore limbs and lastly the whole body (opisthotonos) are affected. 


THE PHARMACOLOGICAL ACTION OF TUTU. 295 


EXPERIMENT V.—O0-066 mg. Tutin per grm. Frog (&. temporaria—fresh caught). Weight, 15 grm. 


Time. Observations, 
11.43 1 c.c. 1 in 1000 tutin solution injected into dorsal lymph-sac. 
11.55 Sunk on to venter ; creeping about. 
11.56 Assumed bizarre position, hind legs being stretched out at right angles to body. 
11.57 Very transient opisthotonos. 
12.0 Blowing on the animal produced transient opisthotonos. Afterwards the frog tried to walk, 
but was unable to raise itself from the ground, hence it merely slid along on its venter. 
Hind-leg movements very stiff. 
12.5 Still sliding along ground for short distances. 
12.10 Made a few short jumps (clonic convulsion) ending in a slight opisthotonic attack. 
12.11 Another similar attack. 
12.12 Severe clonic convulsion (back arched) with cries. Belly appears blown out. 
12.13 Repeated clonic convulsions without cries. The frog remained on its back after the attacks 
ceased. 
12.15 Slight movements—mainly attempts to turn over—with mild cries. 
12.16 Placed on venter. At once assumed a peculiar position closely resembling emprosthotonos. 
12.18 Made few attempts to spring, croaking each time. Whole body presents a blown-out 
appearance. 
12.20 Moving about, but movements inco-ordinate. Croaking. Eyes opened ; corneal reflex sluggish. 
12.25 | Placed on back. Remained motionless at first, then made unsuccessful attempts to turn over. 
12.35 Has not succeeded in turning over. Placed on venter. 
12.40 Moving about a little, with nose on ground. Movements inco-ordinate and apparently ex- 
hausting. Lymph-sacs blown out. 
1.0 Has been quiet since last note; now made repeated futile attempts to move. Presents a less 
blown-out appearance. Placed on back. 
2.0 Quiet. Has made a few attempts to turn over. Placed on venter. 
3.0 No distinct improvement. Has moved inco-ordinately at times. Pithed. All stiffness im- 
mediately disappeared. Heart beating well. 


Trout and Tadpoles.—Trout, a few weeks old, when put into 1 in 1000 tutin solution, 
showed tremors of the tail in eleven minutes, marked twitches in thirty minutes, and 
tetanic convulsions in less than an hour. Tadpoles were affected similarly. 


AcTIoN oN MEDULLARY CENTRES. 


The protocols given on page 293 show that in rabbits tutin diminishes the rate 
of the heart-beat and increases the frequency of the respiration, and that the two effects 
are in each case nearly reciprocally proportional. This relative effect is seen better 
when the experiments are plotted as graphs (figs. 1 and 2). Fig. 1 shows the action of 
a minimal effective dose of tutin, and demonstrates the slightly irregular reciprocity in 
the effect on the pulse and respiration which is invariably seen after such small doses. 
After moderate doses of tutin the curves of frequency of respiration and pulse become more 
uniformly reciprocal—in the graph shown (fig. 2, Experiment II.) each curve is almost 
a mirror curve of the other. This greater uniformity in the case of moderate doses is 
probably due to the greater stimulus assuming more effective control of the medullary 
centres, thus rendering them less liable to accidental variation from without. That this 


influence on the heart-beat and respiration is due to an action on the medullary centres 
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is suggested by the curves, and is supported by the fact that division of the vagi 
annuls the action of tutin on the circulation but not on the respiration. Systematic 
observations of the respiration and pulse have not been made after the administration 
of large doses mainly owing to the fear of exciting convulsions by taking the pulse ; 
but from the occasional notes made, it would seem that the increase in the frequency of 
the respiration and the diminution in the rate of the heart-beats are not proportionately, 
and may not be actually, as great after large as after relatively small doses. 
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Fic. 1.—Diagram bt ale effect of 0°3 mg. tutin per kg. body-weight on the frequency of the respiration and the heart in a 
rabbit (weight, 750 grm.). Continued line = number of heart-beats per minute. Broken line = number of respirations 
per minute, 


During deep anzsthesia the reciprocal relationship between the frequency of the 
respirations and the heart-beats after tutin is lost. In this condition the administration 
of tutin usually diminishes the number of respirations per minute, while the circulation 
remains unaffected or is affected to a relatively slight degree. With chloroform as the 
anesthetic, slowing of the respiration after the injection of tutin was invariable. When 
ether was employed, increased rapidity of the respiration followed if the anesthesia was 
light, and slowing if the anesthesia was deep. The following protocol shows the effect of 
tutin on the blood pressure, pulse rate, and respiration during chloroform anesthesia :— 
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Expertment VI.—Rabbit. Chloroform. Blood Pressure from Right Carotid Artery. 


Respiration recorded by Head’s Method. 


Ti Blood Pressure | Pulse Rate | Respirations 

ime. i ” ” Remarks. 
in mm. per 10”. per 10”. 

3.34 61 27 14:3 

3.35 ae se a 0:00025 grm. tutin injected into left ext. jugular vein. 

3.40 61 24°5 13:7 

3.45 61 24 138 

3.50 62 23 13 

3.53 65 2255 11-5 

3.55 66 23 8 

3.57 65 23°2 10°8 

4.5 66 22 16 

4.7 a he a. 0:00025 erm. tutin injected. 

4.12 65 22 13°5 

4.17 65 21 13 

4.22 65 21 12°3 

4.25 63 21 12°3 

4.27 57 20 10-7 

4.30 52 20 13 


Subsequently, a small dose of coriamyrtin (0°0001 grm.), and afterwards two doses of tutin (0°0005 grm. 
and 0:001 grm.), were injected. In each case the blood pressure and pulse rate fell slightly, and the fre- 
quency of respiration very distinctly. : 
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Fic, 2.—Similar diagram showing effect of 1 mg. tutin per kg. body-weight up to occurrence of convulsion. Rabbit, 950 grm. 
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The slowing of the respiration produced by tutin during anesthesia is not altered 
by division of the vagi. In a rabbit anzsthetised with chloroform the injection of 
0°0005 grm. tutin intravenously before division of the vagi reduced the number of 
respirations from 115 to 60 per minute; after section of the vagi the same dose 
caused the number of respirations to fall from 85 to 50 per minute. 

If the brain is excised and the administration of the anesthetic afterwards stopped, 
the injection of tutin produces an effect similar to that observed in an uninjured 
animal. The action of a large dose up to the onset of convulsions is seen in the follow- 
ing experiment :— 

Expermment VII.—Rabbit. Ether. Section through Posterior Part of Mid-brain. Brain above Level 


of Section removed. Anesthetic stopped. Blood Pressure from Right Carotid Artery. Respirations 
counted. 


Time. Blood Pressure Pulse Rate per 10”. Respirations 
in mm. per 10°. 

3.30 65 44 9 

3.35 0:01 grm. tutin injected | into right facial vein. 

3.36 al 44 

3.37 83 38 11 

3.38 88 34 12°5 

3.40 93 36 15:5 

3.42 96 36 17 

3.434 Clonic convulsions. 


The effect, particularly on the pulse rate, is much less than in a normal animal, but 
this is probably due to the medullary centres being still influenced by the previous 
administration of the anzesthetic. 

In a normal animal the dyspncea produced by tutin is largely inspiratory in 
character, and in the slow respiration occurring during anesthesia it is the inspiration 
which is mainly affected. It is not only increased in depth, but, when completed, is 
also maintained for a relatively long period. The effect is shown in fig. 3, which also 
illustrates the action of an allied substance, coriamyrtin, injected subsequently. The 
latter tracing further illustrates the irregularity of the respiration which not 
infrequently occurs after the administration of these substances. ‘The respiration in 
this experiment and in most others, owing to the late appearance of the effects, was 
recorded by the diaphragm method described by Hkap; but the same result was 
obtained when a record of the respired air was taken by connecting the tracheal 
cannula with a tambour. 

The slow breathing produced by moderate doses of tutin or coriamyrtin can 
usually be abolished by pushing the anesthetic, but if a large dose has been ad- 
ministered deeper anesthesia causes further slowing, which is quickly succeeded by 
cessation of the respiration. If constant anesthesia is maintained, the respiration after 
a variable period generally assumes its previous frequency ; but a certain degree of 
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slowing may reappear for short intervals independently of any obvious convulsive 
action (fig. 3). Later, if the dose has been sufficient, the respiration becomes irregular 
in extent, although it usually retains a fairly regular rhythm. ‘This condition may 
continue for a long period, but finally it leads to deficient aeration and to cessation of the 
respiration. Variations in the respiratory tracings have occurred. In two instances a 
regular alternation of shallow with slower deep respirations developed ; in other cases 
the respirations during the absence of convulsions were characterised chiefly by 
prolonged inspirations. The influence of the convulsions on the respiration during 
anesthesia was relatively slight. Sometimes a diminution in the frequency of the 
respirations accompanied the convulsion, but generally no distinct change in the 
respiratory rhythm occurred. The convulsions in these experiments were purely 
clonic in character. 

During anesthesia the circulation also is very little influenced by the administration 
of moderate doses of tutin, or even by the convulsions produced. When chloroform 
was employed as the anesthetic a slight rise of blood pressure and slowing of the 
heart’s frequency followed the injection of the drug and coincided with the effect on 
the respiration, but not infrequently neither blood pressure nor heart rate was 
changed. With ether as anesthetic a rise of blood pressure and a diminution in the 
frequency of the heart were more common, and were greater in extent than with 
chloroform. The difference in all probability is mainly due to the lighter degree of 
anesthesia produced in rabbits and cats by ether. Of the three chief medullary 
centres, the vasomotor appears to be least susceptible and the respiratory the most 
susceptible to tutin injected during anezesthesia. 


THE CONVULSIONS. 


The convulsions produced by tutin are typically epileptiform in character. After 
a non-lethal but convulsant dose the earliest manifestations of the convulsant action 
of the drug are rapid head-noddings, or tremors of other parts of the body, and an 
increase in tone of the muscles, and especially of the limb muscles. ‘These tremors 
are followed by clonic movements terminating in a tonic spasm. ‘The clonic spasms 
commence, in the early convulsions generally, and in the later convulsions always, 
in twitches about the face and head—in movements of the mouth, or winking of 
the eyes, or twitching of the ears—which may at first be unilateral, There may be 
also rotation of the head to one or other side. Then follow clonic movements of the 
fore limbs and later of the hind limbs, and the termination of the clonic spasms in a 
tonic convulsion, which may or may not be followed by clonic movements. In some 
fits clonic movements only occur. After large doses a tonic fit may start the series 
of convulsions, but if the animal recovers from the early fits clonic movements always 
form part of the convulsion. Still later the animal loses consciousness, and the 
periodic fits become replaced by continuous clonic movements of the limbs, which only 
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terminate with the death of the animal. This may occur from exhaustion, but as 
the movements may apparently continue for long periods (an hour or more) the animal 
in these cases was generally killed by chloroform. 

In the clonic movements occurring in rabbits, both fore limbs and both hind limbs 
act in concert. The two hind limbs also act symmetrically, flexion and extension 
movements occurring in the two limbs at the same time. The fore limbs may act 
symmetrically or alternately. Clonic movements of one limb in a normal animal 
I do not remember to have seen. In anesthetised animals, however, clonic move- 
ments of a single limb, and even independent movement of all the limbs, are not 
uncommon. 

The development of the convulsions in a decerebrate animal after a moderate dose 
of tutin is seen in figs. 4-6. The animal (rabbit, weight 1400 grm.) was anzsthetised 
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Fic. 4,—Initial contractions of left fore foot in decerebrate rabbit after tutin. 
Rabbit, 1400 grm. Ether. 3.25, section just in front of pons; brain 
above removed; cther stopped. 3.55, 2 mg. tutin intraperitoneally. 
4.3, twitches commenced in all limbs. Time in seconds, x # linear. 


with ether. At 3.25 the brain was cut through at the junction of the mid-brain and 
pons, and the part above the level of the section excised. The administration of ether 
was then discontinued. Hooks were put into each fore foot and the right hind foot, 
and were connected by cords working over pulleys to weighted writing levers in such 
a manner that the levers trebled the extent of the limb movements. It was found 
impossible to maintain the two fore limbs in the same relative position to cords and 
pulleys, and this is the explanation of the complete want of uniformity in the tracing 
shown in fig. 6. At 3.55, 0°002 grm. tutin (1 c.c. 1 in 500 solution) was injected 
intraperitoneally. Hight minutes later (4.3), convulsive twitches appeared in all the 
limbs at once. At first the twitches were single (fig. 4), but later they showed a 
tendency to doubling, and from this state developed into short tonic contractions 
lasting one and a half to two seconds with clonic contractions at their height. These 
occurred every minute for the next few minutes, and were followed by an interval of 
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one and a half minutes terminated by a few irregular clonic contractions and a longer 
interval of rest (nine minutes). At 4.21, convulsions similar to those shown in fig. 5 
commenced, and continued with great regularity for three and a quarter minutes. (A 
second dose of tutin, 0°001 grm., was injected at 4.234.) The convulsions then gradually 
became longer owing to the development of an increasing terminal clonus until, at 4.28, 
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Fic, 5.—Later contractions of right fore limb in decerebrate rabbit aftertutin. Sameanimal. x # linear. 


they became similar to those shown at the beginning of fig. 6. They were now 
continuous, a tonic stage with superposed slight clonic contractions of about three 
seconds’ duration alternating with a clonic stage lasting about fifteen seconds. As this 
state seemed likely to continue, the effect of ether was tried, and it will be convenient 
to describe it here. 


INFLUENCE OF ANASTHETICS ON THE CONVULSIONS. 


The effect of inhaling ether on the convulsions of the decerebrate animal is shown 
in fig. 6. At the point marked by the arrow the animal was made to breathe ether 
vapour of the strength used for inducing anesthesia for operations, and this was 
continued for eighty seconds. The convulsions ceased almost immediately after the 
commencement of the inhalation, and very slight contractions recommenced two minutes 
after its discontinuance. From this point the contractions, which at first were regular 
in rhythm, increased in intensity, and finally assumed the alternating tonic-clonic 
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character seen at the commencement of the tracing twenty-two minutes after stopping 
the ether inhalation. Subsequently the effect of a very small concentration of ether 
vapour was tried. The anesthetising tube was merely placed on one of the mouths 
of the Woulfi’s bottle, and a second limb of the tracheal cannula was left open. The 
effect, although less marked than in the preceding case, was strikingly sudden. Only 
one tonic-clonic convulsion occurred after the commencement of the inhalation. Within 


4,42 


Fic, 6.—Effect of inhalation of ether on tutin convulsions in decerebrate rabbit. Same animal as preceding 
figures. Anzsthetising concentration of ether vapour given at point marked by arrow. & = right, Z = left 
forelimb. Timein seconds. x # linear. 


twenty-three seconds true convulsive movements had ceased and become replaced by 
single contractions, occurring at first in small groups, and later alone. These con- 
tractions ceased eighty seconds after the commencement of the inhalation, which 
was continued for two and a quarter minutes. Regular small contractions commenced 
ninety seconds later, and the typical tonic-clonic convulsions quickly developed 
and became distinct in one minute. A second similar inhalation of ether produced 
practically the same result. 


It is evident, therefore, that the convulsions occurring in decerebrate animals are 
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very susceptible to the action of ether. When the cerebrum is intact, ether appears 
to be less active in arresting convulsions. Even with fairly deep anesthesia, clonic 
convulsions are produced by relatively small doses of tutin; and after large doses of 
tutin the convulsions do not cease when the concentration of ether inhaled is increased, 
until shortly before the respiration is paralysed. As will be shown later, when one 
cerebral hemisphere is excised the injection of moderate doses of tutin causes 
convulsions only on the same side; and since the mid-brain and pons are still intact 
in this experiment, it would seem as if the ether had prevented the development of 
the convulsions from this part of the brain. 

The effect of diminishing the quantity of ether administered has been observed in 
experiments in which the contractions of individual muscles were being recorded. 
To take an example. With a certain concentration of ether vapour the contractions 
of the Tibialis Anticus were fairly uniform, and registered 3 mm. in height. After 
reducing the concentration of ether vapour about 40 per cent., the contractions assumed 
a more convulsive type in twenty-seven seconds, and many at thirty seconds registered 
27 mm., and at fifty seconds 35-40 mm. in height. The weaker ether inhala- 
tion was continued for sixty-six seconds, when the concentration was raised to its 
previous level. The contractions commenced to diminish in eighteen seconds, and 
in forty seconds they had almost reached their previous form. This occurred twelve 
seconds later. 

The effect of chloroform on the convulsions was not graphically recorded, except 
indirectly in tracings of the respiration by Head’s method; but from these and other 
experiments it appeared to be more powerful, for apparently the same degree of 
anesthesia, than ether in arresting the convulsions. 


Muscies AFFECTED BY THE CONVULSIONS. 


A few experiments were made to determine the way in which various individual 
muscles are affected by the administration of tutin. They were undertaken primarily 
with the object of determining the cause of the bizarre positions and curious movements 
which sometimes occur after tutin. In the experiments the contractions of the 
following muscles were registered :—Digastric, Mylohyoid, muscles of pinna of ear, 
Biceps, Triceps, Flexor Carpi Radialis, Flexor Sublimis Digitorum, Extensor Communis 
Digitorum, Rectus Femoris, Gracilis, Tibialis Anticus, Extensor Longus Digitorum, 
Flexor Longus Hallucis, Plantaris, and Diaphragm. The muscles of the shoulder 
and hip were not isolated, but their movements were registered in several experiments 
by more distally situated muscles which had been isolated. The movements of the 
muscles of the abdominal wall and the prevertebral muscles were observed but not 
registered. So far as could be determined, all the voluntary muscles of the body are 
influenced by tutin, although not simultaneously. The muscles were isolated from 
the surrounding tissues as far as possible without disturbing their blood and nerve 
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supply, and their distal tendons were connected by hook or ligature to cords working 
over pulleys and ending in weighted levers. All these experiments, with the exception 
of those on the diaphragm, which were made on rabbits, were made on cats under the 
influence of ether. 

The records of the different convulsions are far from uniform: no convulsion either 
in the same or in different animals was exactly similar to another. After small doses, 
and generally after large doses, the early convulsions commenced, as previously 
described, in the muscles of the head and neck, and affected the fore limb muscles 
before those of the hind limbs; but in later convulsions great irregularities appeared, 
and the posterior limb muscles were not infrequently affected first. Even muscles of 
the same limb serving similar functions appeared at times to be variously affected, and 
the form of the convulsions in different muscles was not infrequently diverse. Some 
of these points are shown in figs. 7 and 8. Fig. 7 illustrates in a marked degree the 
usual condition of a convulsion commencing in the muscle of the anterior limb before 
that of the posterior limb, and it also shows, what is frequently the case, the greater 
tonus in the muscle of the hind limb. The cat received an injection into the peritoneal 
cavity at 3.25. witches occurred in the Flexor Carpi Radialis at 3.49 and 3.51, and 
short tonic contractions in the Tibialis Anticus with occasional contractions in the 
first-named muscle at 3.55. At 4.5, short convulsions, clonic and tonic-clonic in 
character, and lasting six to eighteen seconds with intervals of three to five 
seconds, commenced in both muscles and continued until 4.16. A longer interval 
of rest then occurred, followed by a convulsion similar to that shown. This was 
succeeded by a rest of fifty-five seconds, which in turn was followed by the 
convulsion illustrated. 

Fig. 8 shows a convulsion commencing in the Plantaris earlier than in the Extensor 
Longus Digitorum of the same limb or the Flexor Sublimis Digitorum of the same 
side, and it also serves to illustrate the variations in form of the convulsions in different 
muscles. 

The experiments seem to indicate a marked loss of co-ordination in the motor areas, 
and they explain in some measure the irregular movements and want of control seen in 
the earlier stages of severe tutin poisoning, as well as the irregular clonus of the 
late stages. 

In an experiment in which the contractions of antagonistic muscles—viz. Biceps, 
Triceps, Gracilis, and Rectus Femoris—were registered, inhibition of the extensor 
muscles occurred during the early twitches of the flexors ; but later, when more prolonged 
tonic contractions and convulsions developed, no distinct inhibition was present. 

The muscles of the trunk, shoulder, and hip appeared from direct observation to be more 
easily affected by tutin than the more distal muscles of the limbs, but the diaphragm 
seemed less easily influenced. The irregularity of the contractions of the diaphragm 
seen in many of my tracings was undoubtedly caused mainly by contractions of the 
muscles of the abdominal walls and the prevertebral muscles, but in some instances 
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the diaphragm also appeared to 
take part in the clonic fit. No 
prolonged tonic contraction of 
the diaphragm was obtained or 
observed. 


SEAT OF ORIGIN OF THE 
CoNVULSIONS. 


The spinal cord is slightly, 
if at all, affected by tutin. In 
frogs pithed through the 
occipito-atlantal membrane, the 
injection of tutin produced no 
convulsions; and if the tutin 
was injected and the con- 
vulsions allowed to develop 
before pithing, this operation 
caused the convulsions to 
cease, and they did not recur. 
In rabbits anzesthetised with 
ether or chloroform, or with 
the brain above the quadrate 
bodies excised, section of the 
spinal cord previous to the 
injection of tutin prevented 
the occurrence of convulsions or 
of increased reflex movements 
below the point of section ; and 
section of the spinal cord after 
the development of convulsions 
caused complete cessation of 
these below the point of section, 
and they did not recur.* 

* GorrLieB (Arch. f. exp. Path. u. 
Pharm. vol. xxx. p. 21) has shown that in 
dogs kept for several days to allow the 
shock of the operation to pass away, con- 


vulsive movements can be produced in the 
hind limbs by picrotoxin after section of 


7) ) AY 


the spinal cord, and that in certain fishes and amphibians and very young mammals convulsive movements can be 
induced by this drug behind a spinal transection soon after the operation. He failed, however, to get any evidence 
of spinal stimulation in pithed frogs. See also note at the end of this paper. 


4.49 
Fic. 8.—Simultaneous tracings of Flexor Sublimis Digitorum (S$), Extensor Longus Digitorum (Z), and Plantaris (P) of same side, 


Cat, 8250 grm, Ether. 


Ame 
x 2 linear. 


3.57, 10 mg. tutin intravenously. 
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In frogs pithed anteriorly to the optic lobes, convulsions similar to those occurring 
in a normal frog were produced by tutin, but after destruction of these lobes muscular 
stiffness only resulted. 

In rabbits and cats which had the brain above the pons removed convulsions were 
still produced by tutin (figs. 4-6); and when the brain was divided just behind 
the pons, muscular stiffness and increased reflex excitability were produced by its 
administration, but less readily than convulsions with the pons intact. With the 
quadrate bodies in place, convulsive movements seemed to be somewhat more easily 
induced than when the section was made immediately in front of the pons. One 
cannot, however, be dogmatic on this point. In an experiment (rabbit, 1575 erm.) in 
which the brain was cut through in front of the corpora quadrigemina, and the 
anzesthetic subsequently stopped, the convulsions induced by 10 mg. tutin intraperi- 
toneally were diminished but not abolished by section between the anterior and 
posterior bodies (the hind limbs still twitched), but all limb movements ceased after 
section behind the posterior bodies. There can be little doubt that shock played an 
important part in producing this result ; but nevertheless it gives some support to the 
view expressed that the presence of the mid-brain increases to some extent the 
susceptibility to tutin. 

Notwithstanding the susceptibility of the lower centres of the brain to this substance, 
the cortical centres are probably mainly affected under ordinary circumstances. This 
is suggested by the following experiment. A cat (1750 grm.) was aneesthetised with 
chloroform and the anesthesia maintained with ether, and at 3.30 the left cerebral 
hemisphere was removed. The fore limbs were connected by cords working over 
pulleys to weighted levers which registered their movements. At 4.0, 0001 grm. tutin, 
and at 4.16, 0°0005 grm. tutin, were injected intravenously. Slight movements of the left 
fore foot occurred at 4.19; and at 4.20 short tonic contractions with superposed 
clonus developed. These continued at irregular brief intervals for seventy seconds, 
when a well-marked and prolonged tonic-clonic convulsion occurred, which gave place 
to the convulsions shown in fig. 9. These continued until 4.29; afterwards, intervals 
of rest, at first of fifteen seconds and later of longer duration, separated the convulsions, 
which also became more severe in type. The animal was finally killed with the anzes- 
thetic. The convulsions on the left side were identical in character with those observed 
in other experiments with the cerebrum intact. No convulsions and no movements 
occurred on the right side. Some slight movements were recorded from this side in 
the earlier convulsions (see fig. 9), but these were found to be transmitted from the 
left side. When the shoulders were steadied, no movement was recorded on the 
right side and no contractions were felt. In view of the fact that convulsions may 
readily be produced by tutin after removal of both cerebral hemispheres, the absence 
of convulsions on the left side in this experiment can only be explained by assuming 
a greater susceptibility on the part of the lower centres affected by tutin to anesthetics. 
This susceptibility has been shown to exist (p. 302). 
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The chief seats of origin of tutin convulsions in rabbits and cats would therefore 
appear to be the cortical centres and the pontine nuclei. The share which each of these 


centres takes in producing the convulsions in unanesthetised and unmutilated animals 


is difficult to prove; but from the nature of the anxiety of the preconvulsive stage 


4,27 


Fic. 9.—Effect of tutin on fore limbs after excision of left cerebral hemisphere. Cat, 
1750 grm. Ether. 3.80, left cerebral hemisphere removed. 4.0, 1 mg. tutin intra- 
venously. 4.16, 0°5 mg. tutin intravenously. The small contractions of right fore 
limb (2) were transmitted from left shoulder muscles. Timein seconds. x # linear. 


and the character of the early convulsions I am inclined to believe that the earliest 
action is upon the cortical centres. The continued clonus of the late stages, which is 


associated with complete unconsciousness, is in all probability due to the activity of the 
lower centres. 


ACTION ON THE HIGHER CENTRES. 


Owing to the ease with which reflex phenomena are obtained after the administra- 
tion of tutin, it is impossible to say definitely, from the observation of rabbits, that 
tutin in small convulsant doses has an action on the sensory and other higher centres. 
Decided depression and even sleepiness are seen in these animals soon after the injection 
of such doses; but, although [ am of opinion that this condition is the result, in part if 
not wholly, of an action on the higher centres, I was unable to convince myself that it 
is not secondary to the changes in the respiratory and circulatory systems, or due to a 
desire to keep the muscles at rest as long as possible. It is noteworthy, however, that 
the same degree of depression was not noted after coriamyrtin, which acts more rapidly 
but otherwise produces the same kind of convulsions as tutin; and it is not seen after 
strychnine when given in sufficient doses to cause convulsions. After the administra- 
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tion of a lethal or nearly lethal dose of tutin to rabbits, a comatose condition usually 
develops in the later stages of the intoxication, and is in all probability a direct effect 
of the poison on the higher centres. 

The most convincing evidence of the depressant action of toot poison comes from 
cases of accidental poisoning in men. In all the cases of recovery described there has 
been no remembrance of eating tutu berries or of the convulsions which followed, and 
in some patients normal memory is said not to have returned for many months. Dr 
GILEs, in a letter to Professor EASTERFIELD and Mr Aston, describes the case of a soldier 
who suffered from violent convulsions, which he successfully treated by chloroform 
inhalations. ‘The next morning the man was sore from the violent strain the muscles 
had undergone, but was otherwise quite recovered, with the single exception that his 
memory was totally obliterated. The past was a perfect blank to him: he did not 
know his own name, who he was, or where he came from. This condition gradually 
passed away, and in a day or two he was as well as ever.” Another example cited by 
the same medical man is that of two men who, having lost their way in the bush, had 
eaten tutu berries. One died; the other was found gesticulating and behaving like a 
maniac. When rescued, ‘‘ his memory was said by the witnesses to be a blank, and it 
only returned gradually.” He also states that the late Dr Cari FiscHer, who had 
commenced to investigate the poison, “ had been obliged to discontinue his experiments 
because his memory became so impaired that he found himself constantly forgetting his 
appointments.” Somewhat similar symptoms are described by Curistiz* as the result 
of an experiment on himself. After taking 84 grains of an extract (representing 
about 800 grains of leaf) in two doses, vomiting commenced about four hours after the 
first dose, and slight twitches were felt in the arms and legs two hours later. A 
convulsion which was noted two and a half hours later was not remembered by him, 
but half a grain of morphine had been administered to stop the vomiting one and a half 
hours before. After recovery, “sensation and discrimination were dulled,” and a month 
later pareesthesia and numbness were felt in the fingers and toes. These last-named 
symptoms continued for a month. There appears to be little doubt, therefore, that 
tutin, even in relatively small doses, exerts a decidedly depressant effect upon the 
higher functions of the brain. 


INFLUENCE ON TEMPERATURE. 


In my experiments with rabbits, tutin invariably caused a fall of the body 
temperature, and after non-convulsant or small convulsant doses the fall was in most 
cases roughly proportional to the dose administered. This is seen in the following 
graph, more especially in the curves plotted for 0°5 mg., 1 mg., and 1°5 mg. per kg. 
body-weight respectively. The remaining curve of 0°3 mg. per kg. body-weight shows 
a greater proportionate effect than would be expected of this dose, but this is due to the 


* Loc. cit. 
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fact that a younger animal was used for this experiment than for the others represented 
in the figure. The temperature appears to be more easily affected by tutin in young 
than in adult or old animals. After lethal doses of tutin the temperature in the few 
cases I have investigated fell from the first, and showed no tendency to recover, notwith- 
standing the continued convulsions. 

A fall of temperature has been shown by Harnack * and his pupils to occur after 
the administration of most convulsants. Harnack+ was inclined at first to the view 
that they acted by stimulating the inhibitory mechanism of the heat-regulating centre 
in the brain, but later, as the result of further investigations with sodium santoninate 
and santonate,t he came to the conclusion that the antipyretic action of these 


Temp. me | | 


39 


37 


Mins. 30 60 90 120 150 180 


Fic. 10.——Influence of tutin on temperature of rabbits. I = 0°3 mg. per kg. body-weight ; II = 0°5 mg. per kg. body-weight ; 
III = 1 mg. per kg. body-weight ; IV = 1°5 mg. per kg. body-weight, administered hypodermically. 


convulsants is due to loss of heat owing to dilatation of the cutaneous vessels. This 
dilatation is brought about in all probability by stimulation of the vaso-dilator 
mechanism in the medulla. He does not think it follows that all convulsants which 
cause a fall of the body temperature act in this way, but he withdraws his former 
explanation of their mode of action. More recently Hayasut§ has shown that 
convulsants temporarily reduce the fever caused by heat-puncture, and in consequence 
he concludes that the action of these substances is a depressant one on the heat- 
regulating centre. 

Part of the evidence brought forward by Harnack in support of dilatation of the 

* Archiv f. exper. Path. u. Pharmak., xxxviii. p. 397 [1897]; xl. p. 151 [1897]. 

+ Ibtd., xxxviii. p. 421; xl. p. 152. t Ibid., xlv. p. 272 [1901]. § Ibid., 1. p. 247 [1903]. 
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vessels being the cause of the fall of temperature is the appearance of the vessels of the 
ear. ‘These were seen to be dilated when the temperature was falling, and contracted 
when the temperature was rising. My observations after administering tutin largely 
confirm those of HaRNack with sodium santoninate on this point. Unfortunately my 
experiments were made before the publication of his paper, and | did not pay special 
attention to this connection, but, where noted, dilatation of the vessels of the ear 
occurred during the fall and contraction during the rise of temperature. In a few 
instances the ear vessels were noted to be more contracted before the rise of tempera- 
ture commenced. 


Errect oF DrEcomposITION PRODUCTS. 


The products of hydrolysis of tutin possess no peculiar pharmacological action. 
Insuttcient hydrolysis yields a product with a variable tutin action dependent upon the 
undecomposed tutin. 

After heating with excess of 0°2 per cent. hydrochloric acid for fifteen minutes on a 
water-bath, neutralising with sodium bicarbonate, evaporating, extracting with alcohol, 
and re-extracting the inspissated alcoholic extract with ether, a colourless syrup was 
obtained which gave the physiological action of tutin, and from which crystals of tutin 
separated later. After heating the hydrochloric acid solution on the water-bath for an 
hour and extracting in a similar manner, a colourless syrup was obtained which did not 
deposit crystals of tutin, but which caused tutin convulsions after administration. On 
heating a solution of tutin in 1 per cent. hydrochloric acid on the water-bath for three 
hours, neutralising and extracting as before, a reddish oil insoluble in water and a 
brownish substance soluble in water were obtained, but neither produced any 
physiological effect. The sugar produced by hydrolysis has not been identified. I can 
corroborate HASTERFIELD and Aston’s* statement that it does not form a crystalline 
osazone. In itself, however, the sugar is of little pharmacological importance. 

Dilute solutions of alkalies appear to decompose tutin much more quickly than 
dilute acids. A solution of tutin in 0°1 per cent. sodium hydroxide, and one in 0:05 
per cent. calcium hydroxide, after raising to the boiling-point, cooling, and neutralising, 
produced no pharmacological action in doses which should have given, if any active 
principle had been present, a marked result. 


COMPARISON WITH OTHER CONVULSANTS. 


The best-known of the substances comparable with tutin are picrotoxin, coriamyrtin, 
and essence of absinthe. Many others cause convulsions by acting on the brain, but 
most of them produce other actions not given by tutin. In so far as their convulsant 
action has been investigated it would seem not to differ materially from that of the 


substances mentioned. 
* Loc. cit. 
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The form and course of the convulsions produced by the first-named substances 
seem to be the same. Even somersaulting is a symptom common to all. The main 
differences are in the time of appearance of the convulsions and the duration of the 
intoxication. Absinthe causes an earlier appearance of convulsions, but after non-lethal 
doses a shorter intoxication than tutin; and the same is true of coriamyrtin and, to a 
less extent, of picrotoxin. The two last-mentioned substances are more powerful than 
tutin, in that they produce convulsions with smaller doses. This is shown in the 
following comparative experiments on frogs. The frogs were of the same weight 
(15 grm.), and the substance, dissolved in 0°6 per cent. sodium chloride, was injected 
into the dorsal lymph-sac in each case. The figures given indicate the number of 
minutes between the injection and the onset of the first distinct convulsion. 


Dose. Coriamyrtin. | Picrotoxin. Tutin. 
1 me. 1 7 15 
0-5 mg. 3 06 38 
0:08 mg. 10 19 No convulsion. 
0:04 mg. 40 No convulsion. No convulsion. 


The substance I have compared most frequently with tutin is coriamyrtin. This 
principle was isolated by Ripan* from a species of Comaria (C. myrtifolia) which is 
common in the South of France and other coasts bordering the Mediterranean. The 
relative effects of the two substances will be seen in the following brief protocols 
of experiments on the same animals. One set gives the results of hypodermic 
and the other of intravenous administration. A period of fourteen ‘days in the first 
case and five days in the second occurred between the two experiments. 


Rabbit, 2000 grm. 


Time Time 
after | Remarks. after Remarks, 
Injection. Injection. 
0 _ 0°75 mg. coriamyrtin hypodermically. 0 2 mg. tutin hypodermically. 
4’ _Dyspneea. Head tremors. 14’ Dyspnea. 
5 | Clinging to table. 60’ Had no convulsive symptoms beyond 
o Tonie and clonic convulsion lasting head tremors. 
one minute. 64’ 2 mg. tutin hypodermically. 
No further convulsions occurred. 653’ Clonic convulsion. 
| The animal rapidly recovered from 90’ Slight clonic convulsion. 
| the intoxication. 107’ Clonic-tonic convulsion. 
108’ Convulsive movements of head, 
110’ Opisthotonos. 
125’ Tonic clonic convulsions. 
135’ Chloroformed. 


* Recherches ecpérimentales sur le principe toxique du redoul, Paris, 1863. 
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Rabbit, 950 grm. R=number of respirations per minute. T= rectal temperature. 


Time Time 
after Remarks. after Remarks. 
Injection. Injection. 
0 R60. = 297e 0 R=48. T3975: 
144 mg. tutin into marginal vein of 0:24 mg, coriamyrtin into marginal vein 
ear. of ear. 
4’ Breathing more rapidly. i Very rapid breathing. 
5’ R= 108. 1’ R= 204. 
6 R=168. MHead-noddings apparently 5’ R=204. Head-noddings. 
synchronous with respiration. Slip- i Powerful clonic terminating in tonic 
ping down on venter, convulsion. Lasted one minute. 
8’ R=204. Laid on venter with hind Quickly recovered. Then R=84. 
limbs partially out. 12’ R=204. Some twitching of ears. 

25’ Head-nodding less marked, but slight 15’ Slightclonic convulsion of head, followed 
general tremors, Afterwards assumed by early stage of somersaulting move- 
characteristic (exaggerated springing) ment. 
posture. This strained position was 17! Clonie convulsion of head. 
maintained for one hour. 119° Quiet. R=96. 

90’ R= 160. 25’ R= 108. 

104’ Moved very carefully for a few steps. 45’ R=60. Not moved since last note. 
Hind-limb movements somewhat Apparently normal. 
inco-ordinate. 60’ R60.) l—as.0e 

120’ R=108. T=36°8°. Recovering. 


These experiments show that in similar physiological doses tutin takes longer to 
act and exerts a more prolonged effect than coriamyrtin, but apart from these 
differences the two substances produce almost identical symptoms. The difference in 
time of action is important in relation to the question of tolerance, and it explains in 
some measure why, on the one hand, a second injection of tutin, administered after a 
long interval, should so rapidly induce the convulsions which failed to appear as a 
result of the first injection ; and, on the other hand, why relatively large quantities of 
coriamyrtin, if administered in divided doses at short intervals, can be given without 
inducing convulsions. I hope to publish experiments on this point later. 


SuMMARY. 


1. Tutin, the active principle of the toot plant, causes epileptoid convulsions in 
various classes of animals, After large doses to rabbits the earliest convulsions 
commence with a general tonic spasm which is followed by clonic movements. After 
small convulsant doses the convulsions begin with clonic spasms of the muscles of the 
head. These extend to the fore and then to the hind part of the body, and may 
terminate in a tonic spasm. The later convulsions after larger doses also assume this 
form. After the initial convulsions following small doses, somersaulting movements 
are not uncommon. 

2. The convulsions are mainly of cortical and pontine origin. Convulsive move- 
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ments can be obtained when the brain is divided below the pons, but they are less 
characteristic and are more difficult to induce than when the pons is intact. In frogs 
the optic lobes seem to be the most important centres affected. _Unequivocal convulsive 
movements were not obtained below a section of the spinal cord (see, however, note 
below). 

8. The convulsions arising in the pons are very susceptible to anesthetics. This 
probably explains why convulsions are limited to one side after excision of one cerebral 
hemisphere during the continuance of the anesthesia. 

4. In unanesthetised rabbits the two fore limbs act together, and the two hind 
limbs act in concert and synchronously during tutin convulsions ; in the aneesthetised 
animal the limb movements are often asynchronous. Individual muscles of the limbs 
often act vicariously, and this probably explains the irregular clonus which the move- 
ments of the limbs show. 

5. Preceding the onset of the convulsions the medullary centres are stimulated. 
This effect is also produced by non-convulsant doses. 

6. All doses which produce an obvious action cause in rabbits a fall of body 
temperature. 

7. When heated with dilute caustic alkali solutions, tutin rapidly decomposes, the 
product being pharmacologically inactive. Prolonged heating with dilute acids leads 
to the same result. 

8. The substance most closely allied to tutin, namely coriamyrtin, is a more 
powerful convulsant, and, for similar physiological doses, is more rapid and more 
transient in action than tutin. 


Note.—Since the preceding paper was accepted for publication a research on the Physiological Action 
of Tutin by Fitcuerr and Matcoum has appeared in the Quarterly Journal of Experimental Physiology 
(vol. ii, p. 335; Oct. 1909); an extended description of the research, with protocols, being given by 
Fircuett in the Transactions of the New Zealand Institute (vol. xli. p. 286). The effect of tutin on 
various classes of animals is described, and, in so far as our experiments are common, our results are in 
general agreement. On a few physiological points we are not in accord. Fircuerr and Matcoitm have 
apparently not obtained any evidence of stimulation of the cardio-inhibitory centre, but they appear to have 
investigated the matter only in animals under anesthetics. As I have shown, no decided stimulation of this 
centre occurs during surgical anesthesia. 

They also attribute to the motor area a smaller and to the spinal cord a larger share in the production of 
the convulsions than I have done. They state that after inducing convulsions in a cat under chloroform 
by a large dose of tutin injected hypodermically and removing the right cerebral hemisphere, ‘the con- 
vulsions continued just as before, affecting both sides equally,” and after scooping out the left cerebral 
hemisphere ‘‘the convulsions seemed to be quite unaffected.” ‘The spinal cord was then divided in the 
mid-dorsal region. The movements below the level of section were absent or abolished at first, but four 
minutes after the section clonic and tonic spasms of the hind limbs were observed, and these continued 
intermittently until death ensued, a quarter of an hour later.” The continuance of the convulsions after 
removal of the cerebral hemispheres is explained by the fact that, according to the protocol of the experiment 
(No. 152 in Fircnurr’s paper, p. 356), the anesthetic was stopped when the tutin was administered—twenty- 
two minutes before the appearance of any symptoms. The only difference in our results is the effect 
obtained behind a transection of the spinal cord. All my transection experiments were made on rabbits, 
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but since the appearance of Matcoum and Fitcuert’s paper I have repeated two of the experiments on cats. 
In both cases the animals were anesthetised with chloroform and the anzesthesia maintained with ether. 
In one animal 0°02 grm, tutin was injected into the external jugular vein, and five minutes after the hind 
limbs were seen and felt to twitch the spinal cord was completely divided at the level of the 11th dorsal 
vertebra. The convulsions in the parts innervated beyond the section immediately ceased, and they did not 
recur, Apparent convulsive movements in the hind parts appeared, but, as in experiments on rabbits, they 
were synchronous with the clonic convulsions occurring in the fore part of the body, and by careful 
palpation were proved to arise in the muscles innervated anteriorly to the spinal section. The muscles of 
the hind limbs were palpated for forty minutes after the transection, but no twitch was felt in them. In 
the second experiment the mid-brain was cut across just above the pons, and the brain above the section 
removed. The administration of ether was then stopped. Twelve minutes later (3.28) 0°02 grm. tutin 
was injected intravenously. ‘witches of the eyelids and ears occurred at 3.37, and slight convulsive 
movements of the limbs at 3.42. These quickly became more severe, and at 3.51 the cord was completely 
divided at the level of the last dorsal vertebra. Slight independent movements of the hind limbs occurred 
at 3.54, and became more marked and assumed a more convulsive type later. Pressure on one hind foot 
excited convulsions in both hind limbs. The convulsions, however, were not so characteristic as those in 
the fore part of the body. The animal died at 4.15. This experiment, therefore, confirms the observation 
of Mancotm and Fircuerr that tutin acts on the spinal cord in cats; and the first experiment seems to show 
that this effect, like that upon the lower cerebral centres, is very susceptible to anzesthetics. 
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XIV.—On the Life-history of Hydrobius fuscipes, L. By Frank Balfour-Browne, 
M.A. (Oxon)., F.Z.S. (With Three Plates.) 


(MS. received July 6, 1909. Read July 12, 1909. Issued separately February 1, 1910.) 


In following out the life-histories of some of the water-beetles I have been struck by 
the remarkable differences in habits and in structure between the members of a family, 
for instance, between Hydrophilus and Hydrobius, two fairly closely related genera of 
the Hydrophilide. The description of the life-history of Hydrophilus as given by 
Micrr, Lyonnet, and others will, only to a small extent, apply to Hydrobius, although 
the suggestions which I am able to make with regard to certain facts in the life-history 
of the latter may throw light upon somewhat similar facts in the life-history of the 
former. 

Hydrobius fuscipes, L., isa very common water-beetle found throughout Great Britain 
and Ireland in almost every stagnant piece of water where there is plenty of aquatic 
vegetation, the favourite habitat appearing to be ditches or ponds where there is 
abundance of grass growing in or floating out on the water. The beetle is small, 
measuring about 6 or 7 mm. in length, slightly elongate, of a shining blue-black or 
brown-black, although often in bright light showing a beautiful velvety-green lustre. 
The legs in the typical form are reddish brown, the tibize being tipped with darker 
brown or black. é 

There is a variety of this species which is either not very common in Britain or of 
which collectors have not recorded their captures. This is H. eneus of Souter (Ann. Soe. 
Ent. France, p. 314, 1834), and according to Rye is H. chalconotus of Leacu (1814) 
and of SrepHens (Mand., ii. 128, 1829) (vide Ent. Mo. Mag., vii. p. 36, 1870-71). 
Rye records having taken this variety at Barnes (Surrey), and Mortgy, C. (Coleoptera of 
Suffolk, 1899) records it from “chalk pits at Little Blakenham (Suffolk, H.).” There is 
a specimen in the collection of the late Mr Arraur Currry which he took in 1887 at 
Cuckfield Park (Sussex, W.), and recently Mr DonistHorPE took a specimen at Tottenham 
(Middlesex) (Hnt. Rec., xx., July 1908, p. 184), and he mentions that it has been 
taken also at Sheppey (Kent, E.) and Woking (Surrey). It is recorded from Upper 
Teesdale (Yorks, N.W.) (Vict. County History, 1907). Mr T. Srarnrortu tells me it is 
common on the coast near Hull (Yorks, 8.H.). I took a single specimen at Cambridge in 
1904, and it seems to be not uncommon at “The Kinnegar,” Holywood, Co. Down. 
This variety apparently differs only in colour from typical H. fuscipes, and is of a 
metallic blue or green on its upper surface, but the brightness of the colouring varies 
ereatly in different specimens and fades considerably after death. 


THomson (Ann. de la Soc. Ent. de France, 1883, p. cxxxi.) separated as a distinct 
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species, which he named H. pzczerus, a form which is less elongate and more rotund 
than the typical H. fuscipes and has thicker and more pitchy tibie. The pubescence 
of the hind femora also is not quite so extensive, and the punctuation of which it is the 
accompaniment is not quite so dense and fine (SHarp, D., Ent. Mo. Mag., xxi., 
84, 5, 1884-85). The elytral strize are more strongly punctured and therefore appear 
to be rather deeper than in H. fuscipes, and the punctuation of the upper surface is, as 
a rule, more coarse. The penis is also certainly broader than in the typical form. 
Although some Coleopterists have followed THomson in regarding HZ. picicrus as 
specifically distinct, others, and probably the majority, have regarded it merely as a 
variety of H. fuscipes. 

After carefully comparing a number of specimens of H. fuscipes and picicrus, I am 
inclined to think the latter is not entitled to specific rank, chiefly because there are all 
grades of intermediate forms between the two extremes. H. picicrus seems to prefer 
a different environment from H. fuscipes, although there are perhaps few places where 
either form exists to the complete exclusion of the other. H. picicrus is more common 
on peat mosses than is H. fuscipes, while it is certainly much scarcer on salt-marsh 
areas than is the latter. I think also H. fusczpes is less common in the north and 
prcicrus less common in the south, but of this I am not altogether certain, and even if 
it is so, the distribution may be owing to the distribution of peat mosses. 


CHARACTERS OF THE IMAGO. 


Without entering into a detailed description of the imago, I wish to refer to certain 
characters which are of special interest. The head bears the two antennze which are 
of the type found in all the Hydrophilide (fig. 34). They consist of nine segments, 
the basal one long and slightly curved, the next four short and simple. The sixth from 
the base is somewhat saucer-shaped, the concave surface being outwards and the attach- 
ment being central. Above the saucer-shaped segment are two more or less gobular 
seoments each flattened above, and upon them is the apical gobular segment. The 
three terminal segments are dark brown in colour and are thickly covered with short 
stout hairs, while the upper face of the saucer-like segment bears a number of short 
tubercles from the apex of each of which stands up a long fine hair. The colour of this 
segment, and of all those below it, is pale testaceous. 

The antennee are attached to the head immediately in front of each eye, and when 


at rest lie backwards along the ventral margin of each eye and just below the sides of 
the head. 


THe MoutH Parts. 


The labrum is long and narrow, being slightly indented on the free border in the 
middle. It can be seen moving up and down when the beetle is feeding. The right 
and left jaws (figs. 1 and 2; 32 and 33) differ somewhat from one another. They are 
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of the type characteristic of the group, serving the double purpose of tearing and 
grinding. Seen from above, both jaws show a two-pointed apex, the outer point of the 
left jaw being slightly thickened and having also a double point slightly marked. On 
the inner edge of the left jaw just below the apex isa thick tuft of long bristles, and 
immediately below this tuft is a second series of bristles of which those nearer the apex 
are longer than those nearer the base. ‘The uppermost bristle of this second series has 
a thickened base. 

The inner edge of the right jaw shows only a very small tuft of a few bristles in 
place of the upper tuft on the left jaw, but the second series is similar in both jaws. 
Seen from above, the base of each jaw ends in a triangular projection of which the 
surface is smooth, as is also the margin of that projection in the right jaw, but in the 
left the margin is “feathered” by a series of short hairs. Seen from below, the jaws do 
not show much more than when seen from above. They are, however, three-sided, possess- 
ing not only a dorsal and ventral but also an inner face, broad at the base and narrow- 
ing to a point at the apex; and the inner face of the one jaw is, of course, opposed to 
the inner face of the other. The basal part of this inner face of the jaw is the grinding 
region, the food being brought here by the action of the maxille and the points of the jaws 
and then ground down between the bases of the two jaws before being finally swallowed. 
And this grinding apparatus is very efficient, as the two halves of it differ from one 
another in accordance with different functions. The grinding region of the left jaw is 
somewhat concave, and has a series of strong ridges running down it parallel to the 
length of the mandible. ‘hese ridges do not cover the whole of the concavity, but taper 
off towards the dorsal side of it and give place to what appear to be a number of minute 
tubercles. The grinding region is fringed all round with short hairs; and it is these 
which are partly visible in the dorsal view of this mandible. 

On the right jaw the corresponding region is somewhat convex, obviously to fit the 
concavity on the left jaw. There are no fringing hairs or deep grooves or ridges, but 
the whole surface is sculptured like a fine file. 

In a general way this description would probably apply to the grinding apparatus 
of all the Hydrophilidze, but there are probably slight variations in the different genera. 
For instance, in Hydrophilus piceus, L., most of the concavity of the left mandible is 
file-like in sculpture, the strong ridges being confined to a small portion of the upper 
border of the concavity. 

The maxille (fig. 3) are brush-like organs. The galea of each is crowned by five or 
six rows of stiff hairs incurved towards the mouth. These rows are placed one behind 
the other and no doubt make a very effective brush. The lacinia also bears a strong 
tuft of hairs, and there are also stiff hairs on the free edge of the stipes along the upper 
third of its length. The rest of the free edge of this part gives off a very fine trans- 
parent membrane as a narrow strip along it. The palpi are long and composed of four 
simple segments, the basal one being very short. 

The labium (fig. 4) has the galeze and. lacineze feathered along their free edges with 
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fairly long hairs formimg a more or less continuous row right across the front. The 
palpi are three-segmented, the middle segment of each bearing a thin row of long hairs up 
its inner side, while the apical segment bears one or two very long hairs on its outer 
side about one-third of its length from the apex. 

When the beetle is out of the water the maxillary palpi are withdrawn and lie 
folded against the maxille under the sides of the head, the antenne being turned 
forward and constantly waved about. In the water, on the other hand, the antennz 
are withdrawn and the maxillary palpi extended, obviously being the subaquatic organs 
of touch and possibly also of smell and hearing. 


THe THORAX. 


Only two or three points about the thorax call for remark. The mesosternum bears 
in the median line a small pointed projection such as is found in certain other members 
of the Hydrophilide, e.g. Anacena limbata, ¥. ; but whereas it is in the genus Anaceena 
useful for distinguishing A. limbata, F., and ovata, Reiche, from A. globulus, Payk., 
where it is represented only by a small tubercle, it does not help in Hydrobius to 
distinguish H. picicrus from H. fuscipes. 

The three pairs of legs have the femora covered with a dense mass of short hairs 
except in the apical region, which is smooth and shining. 

On the mesothorax and attached both to the tergite and to the elytra is a pair of 
small alule. It has been suggested that these organs, which occur in the Dytiscide 
and Hydrophilide, may be responsible for the sounds which some of the species produce, 
but this suggestion is discounted by the fact that, although both sexes of Hydrobius 
JFuscipes possess them, only the male produces a noise. 

With regard to the abdomen, the only part of special interest for this paper is the 
sexual armature, especially that of the female. 


THe Mate SexuaL ARMATURE. 


The penis (figs. 10 and 11) is of the general form common to all the Hydrophilide, 
possessing two side pieces or valves which are said to be at least partly for the purpose 
of retaining the penis within the vagina at the time of copulation (Hmennecugy, Les 
Insectes, 1904, p. 185). Iam inclined to think that they are rather for the purpose 
of spreading the walls of the vagina so as to allow the seminal fluid to escape rapidly 
from the duct, and no doubt the valves also function as a penis sheath when in a state of 
rest. I have used the term “ penis” in connection with this organ, but it is perhaps open 
to question whether it is correctly so used. Some authors speak of it as “‘ the edeagus.” 

There seems to be some difference of opinion as to what abdominal segments are 
represented in the male of Hydrophilus, and since Hydrobius is very similar to Hydro- 
philus as to its male sexual armature, the remarks apply equally to both genera. 
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Packarp (1898, p. 181), although not describing his views, gives the figures of KoLBE (vide 
figs. 203 and 204) according to which the sclerites of segment 8 have disappeared, the 
segment being only represented by a length of connective tissue between the sclerites 
of seoments 7 and 9. PryrourEAU (1895), on the other hand, only recognises as 
seoments those regions bearing one or more sclerites, and he considers segment 8 to be 
represented by both tergite and sternite, while segment 9, the terminal one, is represented 
only by asternite. Packarp treats PeyrourHAU’s segment 8 as being really the tergite 
of segment 9 (which he considers has no sternite) and the sternite of segment 10, which 
has no tergite, and he calls Peyrourgav’s 9th sternite the external lobes of the penis. 

Hennecvuey (1904, p. 185) has followed Pryrournau, as he states that the repro- 
ductive organs of the males of Coleoptera are always found upon the posterior border of 
the 9th sternite, and he gives one of PEyrourEau’s figures. It is difficult to find any 
justification for the view of Koupe and Packarp, since the connective tissue region 
which they treat as segment 8 is no better marked than a similar region between their 
seoment 10 and the sclerites of the penis. There is, however, this to be said for their 
view, the sclerite they describe as the external lobes of the penis, which is PEyrouREAU’s 
9th sternite, certainly functions as part of the penis. In copulation the posterior 
seoments of the abdomen and also the penis—which in a state of rest are telescoped 
within the other abdominal seements—are protruded, and the penis, together with the 
external lobes (Kops), z.e. the 9th sternite (PEYTOUREAU) is bent downwards and to 
the right or left according to the position of the male on the back of the female, and a 
distinct kink is visible at the bend. ‘The region beyond the kink, 2.e. penis and external 
lobes, bends right round until it comes to lie beneath the abdomen; that is, it turns 
through an angle of 180° and the dorsal side remains dorsal during copulation. 
Mr DonistHorpz (nt. Rec., xii. 291, 1900) observed the same fact in Hydrophilus 
prceus, L. 


THe Femae SexuaL ARMatuRE. (Figs. 12-14.) 


PryToUREAU (/.c., plate xx.) gives a drawing of the female armature of Hydrophilus 
in what he describes as a state of activity, and he says (l.c., p. 154) that the 8th 
sternite “porte a son bord postérieur mamelonné deux apophyses simples, courtes, 
dirigées en arriere, armées a leurs extrémités de poils sensitifs, cachées par le huititme 
urite et deux autres apophyses latérales plus longues également terminées par des poils 
sensitifs” ; and he further says (/.c., p. 155), ‘C'est apres le septiéme sternite que s ouvre 
Yoviducte simplement membraneux. Larticulation tergo-sternale du huitiéme urite a 
lieu au point # (plate xx. fig. 8); elle est assez lache, grace & la présence d’une 
membrane d’union.” 

If this is a correct statement for Hydrophilus, then Hydrobius appears to differ 
very decidedly, as, from my observations, it is difficult not to associate the armature 
with the 8th rather than with the 7th segment.—a condition which, according to 
PEYTOUREAU, exists in Dytiscus. 
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Segment 8 is represented by a partially chitinised tergite, immediately underneath 
which opens the anus. On either side of this tergite (8’), extending round the sides 
of the segment, is a narrow chitinous band (y). The two bands extend to the ventral 
face of the segment and then turn through about a right angle and pass backward, 
lying more or less parallel to one another. ‘hese chitinised bands do not seem to 
represent any recular sclerite of the segment, but are rather a specialised carrier 
for the sexual armature which is pivoted on the apices of the two parallel ventral 
chitinous rods (a2). 

The bands are, however, undoubtedly part of the 8th segment, and the part which, 
in Hydrophilus, PryrourEau regards as the 8th tergite (c), is situated posteriorly 
with regard to them. 

The sexual armature consists of two swollen masses (aa) from the upper side of each 
of which a long tapering filament (bb) about 1 mm. in length projects backwards. 
These two filaments, which correspond with Pryrourzav’s “deux autres apophyses 
latérales plus longues . . .”, are the spinnerets, and consist each of three portions, a 
long basal segment and a short apical one bearing a long fine and tapering hair. On the 
ventral side of the armature, between the swollen bases of the spinnerets, projects a thin 
chitinised membrane (c)—(which, from Peyrourgav’s drawing (plate xx. fig. 3, viii.), I 
gather he regards as the sternite of the segment)—which, in a ventral view, has a deep 
groove running up its median line on either side of which the membrane fits round the 
base of a spinneret, the middle region of the posterior free margin projecting into 
two horn-like processes between the spinnerets and one on either side of the median 
groove. ‘The posterior free edge of this membrane is fringed with hairs and the two 
horn-like processes are PryTouREAU’s “deux apophyses, simples, courtes dirigées en 
arriere,” etc. ; 

The vagina opens between the spinnerets and just dorsal to this ventral chitinous 
plate, so that if PeyrourEav is correct in describing this ventral plate as the 8th sternite, 
the genital aperture is, on his own showing, not between the 7th and 8th segments, but 
posterior to the 8th. 

I have said that the armature is pivoted on the two chitinous rods (ax) previously 
described. When the genital armature is in a state of rest, the swollen bases of the 
spinnerets are drawn back by muscles attached to them dorsally, by reason of which 
they turn on the two pivots already referred to, and under these circumstances the 
spinnerets are concealed for about half their length by the grooved ventral plate which 
wraps round them, since the ventral plate is fixed and does not move on the pivots 
(vide fig. 14). When the armature is in a position of activity the bases of the spinnerets 
are thrown forward on the pivots and the spinnerets thus project farther beyond the 
grooved ventral plate. The pivots upon which the spinnerets swing are apparently 
what Pryrourgav describes as “Jarticulation tergo-sternale du huitieme urite. . . .” 
Prytournav’s figure (plate xx. fig. 1) represents what appears to me to be a dis- 
section of the parts i a@ state of rest. 
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SECONDARY SEXUAL CHARACTERS. 


There seems to be no character by which the sexes can be distinguished at first 
glance, in fact the only differences I have been able to detect between the sexes are that 
the antennz and maxillary palpi of the male, when compared with those of the female, 
are distinctly stouter. In Hydrophilus the sexes are easily distinguished by the anterior 
tarsi, which are simple in the female and have a dilated apical segment in the male. 
In Hydrocharis the male has the claws of the anterior tarsi “sharply bent like a 
grappling hook,” * but there is no such distinction in Hydrobius fuscipes. 


Hapits. 


The food of the imago Hydrobius consists chiefly of plant tissues, although it is also 
very ready to eat up dead insect larvee, snails, ete. Its favourite food appears to be the 
filamentous algze and also algze growing upon stems of other water-plants, ete. It also 
readily devours dead plant tissues, for instance, decaying blades of grass, leaving the 
fibrovascular bundles, or at any rate stripping them first of the softer tissues. Apparently 
only when driven to it for want of other food will it attack living higher plants, and 
then it seems to prefer the epidermis. It was quite extraordinary the amount of 
filamentous algze which it caused to disappear when kept in an aquarium. 

During the colder months of the year Hydrobius disappears more or less completely 
from its usual habitats but, as with regard to other water-beetles, there seems to be no 
definite knowledge as to where it disappears to. The beetle passes the winter as an imago. 
I have never found the larve in the autumn, although Mian (1895, p. 93) says that 
eggs and larvee are to be found in August. I have, however, occasionally found the eggs 
of Helochares, a related genus, in August, but I fancy that autumn eggs are exceptional 
and that the larve do not survive the winter. I think that the imago burrows in the 
mud at the bottom of the pond and passes the winter in the torpid state, but this is only 
theory. The only evidence I have is that in the aquaria in cold weather very few 
beetles are visible, and as they cannot get out of the water they must be amongst the 
stones at the bottom. Also some specimens of Bidessus minutissimus, which I have 
kept through the winter in a tumbler, have spent the whole time amongst the fine 
gravel, and I have not seen them once for many weeks. 

With regard to breeding habits the usual egg-laying period seems to be from March 
to July, although Mratu (/.c., p. 93) mentions eggs in August. This year I found several 
egg-cocoons on 21st February, but I think that was exceptionally early owing to the long 
spell of mild weather in this district (near Belfast). Seeing that the larval period lasts 
from twelve to fourteen weeks, I doubt if eggs laid later than the end of July would 
have much chance of getting through before the cold weather, and the absence of larvze 
during the winter seems further evidence of the limits of the egg-laying period. 


* Fow.er, W. W., British Coleoptera, i., p. 220. 
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I am not sure as to when the males reach maturity, but they are sexually excited 
early in February. Possibly the females are “fertilised” in the autumn, as, so far as I 
have observed, they will not take a male at the beginning of the season. The only time 
I have seen them accept a male is immediately after having completed an egg-cocoon. 
DonisTHorRPE (/.c., p. 291) refers to the refusal of the female Hydrophilus to accept a 
male as a case of sexual selection. So far as my experience goes, it is not a question of 
the choice of a male by the female, but of the male courting the female at the wrong 
time, and if a female has her spermotheca full of spermatozoa, she will not unnaturally 
reject any male. Immediately after completing an egg-cocoon a Hydrobius will accept 
any male which offers, and I expect the same is the case with Hydrophilus. 

The courtship is a somewhat strange phenomenon, and it is the only period at which 
I have heard the male stridulate. I think that the males are only excited during the 
daytime, at least in the earlier months of the year, and require suitable light and 
warmth to arouse them. For instance, in February or early March in my aquaria, kept 
in a warm room, there are few beetles visible at 9 a.M., most of them being amongst 
the stones at the bottom. About 11 or 11.30 the sun reaches the aquaria, and then 
all the beetles come to the surface and move about rapidly and feed and the males are 
then excited. If at 9 a.m. the temperature of the water is raised from 50° F. to about 
60°, the same phenomena are observed as occur later in the morning under the 
influence of the sunshine. 

The male sits on the back of the female rather in the position of a jockey on a race- 
horse, that is, well forward, his metasternum being about over her prothorax. His 
head is bent right over hers, and his courtship consists in drumming upon her labium 
with his maxillary and labial palpi. His maxillary palpi pass round outside the bases 
of hers. She bends her head downward as if trying to avoid his attentions, and her 
maxillary palpi wave about. Her jaws can be seen working, and she occasionally 
succeeds in biting the palpi of the male. The front tarsal claws of the male hold on 
either in front of the eyes or behind them or even to the eyes themselves; the mid- 
tarsal claws catch the posterior margin of the female prothorax, while the posterior tarsal 
claws hold the borders of the elytra. 

If the female is very annoyed by the attentions of the male she signifies it by 
swaying rapidly from side to side, or by running quickly over the submerged vegetation, 
and, as a rule, after a short struggle the male desists. Otherwise she may feed quietly, 
quite regardless of his wooing. He makes occasional attempts at copulation by rapidly 
moving backwards and extending his abdominal segments and the penis, but the 
female usually sweeps the latter away with her posterior tarsi. After making several 
ineffectual attempts the male usually desists and goes in search of another mate. 

During courtship the male keeps up a faint but distinct stridulation, reminding one 
of a corncrake at a great distance. At the moment the noise is produced the ventral 
side of the abdomen collapses like bellows, as if expressing air, and at each collapse of the 
abdomen the apex bends downwards. I ean find no stridulating file. The noise is not 
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produced by the rubbing of the tips of the elytra against the abdominal tergites, as 
these regions are quite smooth. The other British species of the genus, Hydrobius 
oblongus, Herbst, stridulates much more distinctly, and I believe in that case the 
noise is made by both sexes, and it certainly is not specially confined to the periods of 


courting. 
THE SPINNING OF THE Ecace-Cocoon AND OVIPOSITION. 


The cocoon of Hydrobius differs somewhat in form from that of Hydrophilus, and 
Lyonnet’s description of the method by which the female of the latter spins her cocoon 
would not apply to the female Hydrobius. Whereas Hydrophilus builds a more or less 
spherical cocoon with a short “mast” projecting unsupported from the water, Hydrobius 
builds a cocoon attached along one side to its support, and with a flat, ribbon-like process 
extending to the water surface in place of the ‘“‘ mast.” 

According to Lyonnet (1829-32), Hydrophilus builds her cocoon in two parts ; that 
is, having built so much, she deliberately turns round and constructs a replica of the 
first part and then weaves the two parts together. Under normal circumstances 
Hydrobius builds her cocoon straight through without turning round. 

The favourite situation for the cocoon is on the under side of a growing blade of 
grass floating upon the water. The female first takes up a large supply of air so that 
her subelytral space is full, and she has also a large bubble attached to her under side. 
She lies lengthwise along the under side of the blade of grass, and, projecting her 
spinnerets fully, she brings them and the air-bubble ito contact with the grass 
and the silk begins to flow as a fine thread from the apex of each of the spinnerets. 
The whole cocoon is formed on the film of the bubble which is on the under side of 
the insect. The spinnerets work the whole time in the air, pressing against the film 
and weaving the cocoon on its curved surface. 

The silk will not form threads in water, but comes away from or adheres to the 
apices of the spinnerets in the form of whitish lumps. It seems to be unusual for 
the beetle to build the cocoon far below the water. I tried the experiment of submerging 
the grass blade while the cocoon was being built. After a time the beetle turned to 
the side of the blade to reach the surface, but failing, she continued to work for a minute 
or so. She then made more determined attempts, and as she was in danger of asphyxiat- 
ing, she very reluctantly broke the air-bubble which united her with the cocoon and 
reached the surface. Having renewed her supply she returned to the cocoon, and by 
moving her abdomen over it endeavoured once more to take up her work, but after two 
or three failures she gave it up and later started a new cocoon nearer the surface. 

The silk threads are first spun backwards and forwards across the grass blade and 
the insect then begins to spin on the film immediately behind her and so raises a wall 
which soon takes the shape of a blunt cone. She gradually moves forward, spinning all 
round the film, and thus extending the cone. She never turns over, but continues facing 


the same direction all the time, occasionally turning to the side of the grass blade and 
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elevating her head to the surface and renewing her air-supply. She also occasionally 
slightly raises her elytra and separates them and then closes them down again, thus 
enlarging her ventral bubble from her subelytral air-supply. 

The building of the body of the cocoon occupies an hour or more, but oviposition 
always commences before the body is complete and often quite early in the building 
process. I removed one female after she had been spinning for twenty minutes, by which 
time she had only formed a small cone of silk and she had already deposited three eggs. 
An ege passes rapidly from the oviduct, scarcely interrupting the spinning. It passes 
out between the spinnerets and rubs against the fringing hairs of the grooved ventral 
plate. The spinnerets deliberately place it in the cocoon, and then rapidly spin threads 
backwards and forwards over it, fastening it down. The spinnerets are remarkably 
sensitive. On several occasions I ripped gashes in partially formed cocoons and the 
spinnerets quickly turned in the direction of the rent and closed it up. 

The number of eggs laid in a cocoon is from thirteen to nineteen, and possibly may 
vary beyond these figures. Once they are laid the female spins a layer of silk over 
the top and then continues the sides of the cocoon, leaving a certain amount of space 
unoccupied by eggs but filled with air. From time to time she squeezes the cocoon 
with her hind tibiz, shaping it ; and, as a rule, this squeezing is specially noticeable where 
the cocoon ends off with a more or less flattened surface rather like a lid in appearance. 

Once this flat surface is complete the female continues to spin a narrow band on the 
air-bubble, every now and again pressing it against the grass blade and thus attaching 
it. She carries this ribbon to the edge of the blade and then spreads it out on the water 
and on the upper surface of the grass. Its form and length depend upon the position of 
the cocoon with regard to the surface of the water, and sometimes, instead of being 
spread out on the surface, it is carried up the support into the air, but under normal 
circumstances the ribbon always reaches the surface. 

As to the process of spinning, the silk comes off from the apex of each spinneret as 
a fine thread, and the two spinnerets work side by side backwards and forwards, attach- 
ing the threads at the end of each stroke. But although the silk thread comes from 
the apex of the spinneret there is not, so far as I can discover, any canal running up 
within that organ. The long apical hair, although not solid, has no aperture from 
which the silk could flow, and the apical and basal segments are, I believe, filled up with 
tissues. 

So far as I can make out, the silk flows along the outer surface of the spinnerets, 
which appear wet all the time that spinning is going on. During spinning the 
spinnerets are fully extended and the grooved ventral plate fits around their bases. The 
fringe of hairs on the free edge of this plate appears, like the spinnerets, to be wet, and 
I think the silk fluid flows off the two horn-like processes of the plate which are pressed 
between the spinnerets and runs out along these. 

I found that once the beetle had fairly started making the cocoon it was possible to 
lift the grass blade completely out of the water and even to place it under the micro- 
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scope without disturbing her. ‘The cocoon is formed just as easily under these circum- 
stances as under water, provided that the temperature is not too high or as long as there 
is sufficient moisture in the surrounding air. I found by placing a spinning female in 
the direct sunshine that, after a short time, the spinnerets, although continuing to work 
backwards and forwards, produced no silk. At first the silk spun became thicker than 
usual and then it became lumpy and stuck to the spinnerets, and I think this was due 
to the heat drying up the silk fluid on the spinnerets. It must be admitted that if this 
explanation is correct it is difficult to explain how, when the beetle is upside down and 
working on the under side of the grass, the silk runs out the length of the spinnerets 
against gravity ! 

About half way up the basal segment of each spinneret and on its inner face is a 
transparent region of more or less oval shape. This region is beyond the “horns” of 
the grooved ventral plate when the spinnerets are extended, but is completely covered 
by them when these organs are withdrawn. Under high magnification (x 400) this 
region shows a structure different from that of the rest of the spinneret, and I at first 
thought that the ducts of the silk glands might open here, but I cannot detect any 
pores. I think therefore that the silk glands must open to the exterior somewhere 
below the fringe of the ventral plate, that the silk flows out on the hairs of this and 
passes on to the spinnerets from them. 

The posterior end of the abdomen of the female is extremely flexible during the 
spinning of the cocoon, segment 7 moving very freely upon segment 6, and the 
spinnerets also waving about with independent movement. 

As arule, shortly before a female has completed her cocoon, a male takes up his 
position on her back and commences stroking her labium. Within two minutes of 
completing her cocoon the female accepts the male and copulation lasts about a minute. 
The male ceases to stridulate the moment he begins to protrude the penis. 


THE DEVELOPMENT OF THE Hac. (Figs. 15-31.) 


The development of the egg of Hydrophilus has been described by several authorities 
such as HeIpER, GRABER, KowaLevsky, etc., and that of Hydrobius appears to be very 
similar, but Hydrophilus has been studied chiefly from the histological point of view, 
and I propose to describe the development of the embyro of Hydrobius as seen from 
day to day through the shell of the living egg. There are certain points which are not 
referred to by the above authors which are of-some interest. 

The egg of Hydrobius is oval in shape, from 1°1 to 14 mm. in length, and bears at 
one end a small pedicel, this being the end of the egg at which the head of the embryo 
develops. The newly laid living egg shows no structure under the microscope beyond a 
shell membrane and granular contents which completely fill the shell. After twenty-four 
hours the contents have shrunk so that there is now a broad, perivitelline space, and on 
the contents there are at this time certain irregularities which suggest that cell-division 
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has commenced. By careful focussing and manipulation of the light a median groove, 
the “ primitive streak,” is to be seen, which extends for about half the length of the 
ego from the posterior end. 

On the third day the groove is more visible, and at the posterior end of the egg the 
commencement of the amnion and the amniotic cavity is apparent. There are also 
indistinct traces of segmentation of the yolk, and twenty-four hours later these have 
developed into complete segmentation. By this time—the fourth day—the amniotic 
fold has extended forwards over the median groove, but has not yet completely enclosed 
it, so that the blastopore is to be made out over certain irregular outgrowths which 
constitute the beginnings of the embryonic head. The groove has extended round the 
posterior end of the yolk and along the dorsal side so that the “tail” end of the 
developing embryo lies almost over the head. Indistinct traces of somites are 
visible in the embryo which, by transmitted light, is more transparent and _ less 
granular than the yolk. 

On the fifth day the form of the embryo is quite distinct, the yolk having consider- 
ably diminished. The embryo lies round the yolk, its ventral side towards the shell. 
The appendages of the head, thorax, and abdomen are recognisable as buds. It is to be 
noticed that the tail end of the embryo does not now extend quite so far round the yolk 
as it did in the previous stage. 

On the sixth day the mouth parts, the maxille, and the labium (which at present 
consists of two separate parts) have folded on themselves and the maxillary palpi are 
recognisable as buds. The embryo has still further contracted in length. The legs, 
although recognisable, are at present only partly defined, but on the seventh day they 
are more distinct. The segmentation of the abdomen, which on the sixth day has only 
just commenced, is also more distinct on the seventh day, and the embryo is still shorter 
in length. 

In the fifth-, sixth-, and seventh-day stages the embryo is seen to be surrounded by a 
membrane—the amnion—within the shell. On the eighth day this has disappeared—it 
having burst along the ventral side and shrunk back to lie as an irregular double ridge 
on the dorsum. It goes by the name of “the dorsal organ” or “dorsal tube.” The 
embryo has now contracted so much that it lies straight out within the shell. At this 
stage the eyes first become visible as six small pigment spots on each side of the head. 
The labium is now a lilobed structure lying backwards on the ventral side of the head, 
and the maxillee lie in the same direction on either side of it. 

During the next twenty-four hours the abdomen begins to lengthen out, but this 
time it curves ventrally instead of dorsally. The legs, which up to now have lain close 
together in the median line, have separated, leaving a space between those of the two 
sides of the body. The “dorsal organ” has by the ninth day completely disappeared, 
having sunk into the yolk and been absorbed. As soon as the dorsal organ disappears 
the dorsum of the embryo closes completely over the yolk, which up to that time has 
remained exposed. The trophi have lengthened and show traces of segmentation. 
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Within the posterior abdominal segments are traces of the lateral tracheal trunks 
which are just forming. By this time all trace of the abdominal appendages has 
disappeared. 

On the tenth day the trophi and legs show segmentation and have lengthened out 
considerably, while the segmentation of the body somites is also well advanced, proceed- 
ing forwards from the posterior end of the abdomen. The lateral tracheal trunks are 
now quite distinct in the posterior part of the abdomen as colourless tubes. 

The eleventh day seems to be the muscle-forming period, as at this stage muscle 
fibres are visible in various parts of the body. ‘The lateral tracheze which have not yet 
developed through the whole length of the embryo show, posteriorly, rudimentary 
branches, and in the median dorsal line faint traces of the heart are visible in the 
posterior segments. 

The most marked change on the twelth day is the extension forward and the 
pigmentation of the lateral tracheal trunks. These now reach into the head and show 
indications of the main branches and of the future “ setose gills.” . 

On the thirteenth day the tracheal system is almost completed, the dorsal network 
having been formed, and the branches of the head can be seen tapering off to fine threads, 
but, so far as I can make out, the ‘“‘setose gills” * themselves do not appear until the 
fourteenth day. ‘There are, however, only small differences noticeable in the living egg 
of the thirteenth and the fourteenth day. ; 

The fourteenth day is the last stage, the embryo now being complete within the 
shell. One point to notice is that, almost from the commencement of development the 
embryo has never completely occupied the shell, there having all through been a fair 
amount of free space. On the fourteenth day, however, the embryo commences to swell 
up two or three hours previous to its escape, so that at the time of the bursting of the 
shell there is no visible unoccupied space within the shell. 

While watching this process of swelling up of the embryo I found in the head, 
situated in the median line and immediately below the dorsal aorta, a pulsating 
organ. It pulsates much more slowly than the heart, only commences to pulsate a few 
hours before the embryo escapes, and does not, so far as I have observed, pulsate con- 
tinuously from the time it first starts. It begins with a few beats, after which there is 
a pause of, may be, many minutes, but as the time of emergence approaches the pauses 
are fewer and the pulsations rather more rapid, being about 40 per minute, while the 
the heart is beating at quite 100 per minute. 

This pulsating organ is driving fluid backwards, but it was not possible to see where 
the fluid came from or was driven to. I discovered a ligament suspending the organ, 
and as it passes on one side of the aorta, I expect that it is one of a pair. 

There are no blood corpuscles visible in the fluid pumped through this pulsating 
organ. In conjunction with its pulsations certain movements of the gut are visible, and 
these become more noticeable as the beats of the pulsating organ become more frequent. 

* Vide infra. 
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The position of this organ in the head (immediately below the aorta and just at 
the point where the aorta divides into two vessels passing down the frontal region), and the 
apparent relationship between its pulsations and the peristaltic contractions of the gut, 
lead me to think that there is no special embryonic organ, but that the pulsations are 
due to the working of a pharyngeal pump. The larva, as we shall see, feeds by suction, 
and there is no reason why the pharyngeal pump should not be of service before the 
embryo escapes from the egg. I imagine that the fluid which surrounds the embryo 
within the shell is taken in by the mouth and pumped by the pharynx into the gut. 
Thus the embryo swells up and space is afforded it within the shell by the removal of 
the surrounding fluid.* 

For a short time before the shell bursts the embryo is so tightly packed that it is 
difficult to make out the limits of head and tail (vede fig. 31). The head lies well into 
the anterior end of the egg, while the first, second, and third abdominal segments occupy 
the posterior end. The shape of the egg is often somewhat altered by the packing of the 
embryo which, although usually as described, is sometimes turned in other positions. 

The shell ultimately bursts somewhere in the region of the maxillary palpi and the . 
larva immediately straightens out, the shell falling off its back as it does so. All the 
trophi and legs at once assume their normal positions, the labium folding forwards and 
coming to lie immediately behind the mouth, the maxillee likewise folding forward and 
lying on either side of the labium. 

I have described the maturation of the egg as taking fourteen days from the time 
it is laid until the escape of the larva. ‘This seems to be the usual time in April or 
May, but the rate of development varies with the temperature. Thus eggs laid in 
February—which is exceptionally early —took twenty days to mature, while in one or 
two cases during the summer thirteen days were sutticient. 

KowaLevsky (1871) and Heimer (1889) found that the eges of Hydrophilus 
developed in twelve days, while MicER (1809) gives twelve to fourteen days as the usual 
period. In my experience with this species twenty days and more was the usual time 
from the building of the ege-cocoon to the appearance of the larva, but as my specimens 
were kept in the north of Ireland—far beyond the normal range of the species—this 
may account for the slower rate of development. 

I have not followed the development of the embryo of Hydrophilus, but the 
statements of Kowa.nvsky, etc., indicate that the stages are practically identical with 
those of [ydrobius. None of these authors, however, describe the swelling of the 
embryo prior to the bursting of the shell nor do they refer to the cephalic pulsating 
organ. 


Tue Larva. (Figs. 5 to 9.) 


The larva which emerges from the egg is a small white worm-like creature with a 
pale testaceous head and darker eyes, the eyes being the most visible part, and is about 


* On this point see “ The Life-history of the Agrionid Dragonfly,” Proc. Zool. Soc. London, Aug. 1909. 
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one and a half times the length of the egg from which it comes. But such larve are 
never seen under normal circumstances. As it comes from the cocoon it is distinctly 
larger and darker and the head, with its extended jaws, seems also larger in proportion 
than in the newly hatched individual. Lyonner states that the larvee of Hydrophilus 
remain a day in the cocoon before breaking out. Those of Hydrobius also remain in the 
cocoon for some time, but I do not know how long. ‘They ultimately make their way 
out by breaking through the cocoon, usually along the edge of the flat, lid-like surface 
which is at the base of the ribbon and just about on the water-level. 

I hatched a number of larvee from eggs which had been taken from the cocoon and 
allowed to sink in a tumbler of water. The larve crawled about aimlessly for two or 
three days, but a number of them died. I took some out of the tumbler and placed 
them in a drop of water upon a slide to examine them under the microscope, and they 
immediately began to crawl about and at last succeeded in getting their heads out of 
the water. Once this was accomplished the head and anterior end of the body was 
raised up, and the larvee remained in this attitude for thirty seconds or more. During this 
short time they visibly expanded, and I found, when I replaced them in the water, that 
they now floated at the surface instead of smking. Examination under the microscope 
revealed that the gut contained through most of its length a series of air-bubbles. 
These larve had, in fact, taken a “drink” of air at the first opportunity and had 
expanded in consequence, and I found by an examination of larve of all stages that 
the gut almost always contained these air-bubbles. If a larva lying quietly out of the 
water or at the surface is suddenly submerged, it quite probably sinks, but if it is first 
gently disturbed it at once raises its head and takes an “air-drink,” after which it is 
secure against drowning if it is placed in the water. 

From the fact that larve can be taken unawares and sunk, it is obvious that the 
air in the gut disappears and has to be renewed from time to time, but whether such air 
is of any use in respiration I do not know. 

It is possible, then, to account for several things by this peculiarity of the larva, 
First, the air-space within the cocoon is probably for the purpose of enabling the larvee 
to get an “‘air-drink.” A similar space occurs in the cocoon of Hydrophilus, and it has 
been suggested that it is to enable the cocoon to float. It no doubt makes the cocoon 
buoyant, but neither in the case of Hydrophilus nor in that of Hydrobius is the cocoon 
ever built free in the water; it is always attached to some floating object. There 
seems, therefore, no good reason for regarding the air as specially for the purpose of 
buoying up the cocoon. It has also been suggested that the air is for the eggs, but the 
eggs of Hydrobiws—and probably also those of Hydrophilus—hatch perfectly well if 
taken from the cocoon and submerged. 

Lyonner observed that the larvee of Hydrophilus swell up three or four times 
the size of the egg from which they emerge before they have taken any food. This 
also is probably to be accounted for by assuming that they, like the larvee of Hydrobius, 
take an “‘ air-drink” in the cocoon. 
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We may, perhaps, also account for the ‘‘ mast” on the cocoon of Hydrophilus and 
the ribbon on that of Hydrobwus as connected with this peculiar habit of drinking air, as 
so far no satisfactory explanation has been given of these structures. They have been 
described as the result of excessive zeal on the part of the female—a sort of using up 
of silk, and the mast of the Hydrophilus cocoon has also been described as an air-funnel 
to aerate the eggs. The mast always projects above the water, while the ribbon is either 
spread out upon the surface or upon some object above the surface. 

The larvee of one batch of eggs do not all necessarily hatch at the same time, some 
of the eggs—probably the upper ones—hatching sooner than the others. Now the 
earliest hatched larvee presumably take their drink of air, and as they remain some time 
in the cocoon, they no doubt tend to use up the limited supply within the cocoon. 
When they escape they open the cocoon below or on the water-line, and there is there- 


fore a risk of the remaining air escaping. I think the mast and the ribbon are 


provided against all these possibilities, and to make certain of other larve getting to 
the surface to obtain their supply of air. 

The head of the larva has two eyes made up of about six more or less oval patches 
of pigment. The antennz are short, three-segmented organs, the apical segment being 
much finer than the others. The other two segments are, in the youngest stage, about 
equal in length and twice that of the apical one, but in the growth of the antennz the 
basal seement grows more rapidly than the middle one, so that, in the final stage, the 
basal segment is about twice the length of the middle one. On the middle segment and 
just external to the insertion of the apical one isa small tubercle. The apex of the 
terminal segment bears two long hairs. 

The mandibles are large, and end in a sharp incurved point and bear three sharp 
teeth on their inner margin, the basal one being small. The two mandibles are quite 
similar to one another. The maxille are long and are presumably to be described as 
consisting each of a cardo and stipes bearing a minute inner lobe—the undifferentiated 
galea and lacinia—and a large three-seemented palpus. The middle segment of the 
latter bears at its apex, just external to the insertion of the apical segment, a long 
fine hair. 

The labium consists of a broad submentum and mentum, the latter bearing a pair of 
two-segmented palpi, and between them a small process presumably corresponding to a 
ligula. The submentum on its upper surface bears series of closely set minute outwardly 
projecting points. 

The labrum is peculiar. Its free edge is strongly serrated in the middle, but the 
organ is not bilaterally symmetrical. The central part of the anterior margin bears 
about five teeth. Some slight variations occur in the arrangement of the teeth, and 
they also change slightly at the moults, but the general arrangement is that there are 
five teeth of which the four on the right are more or less similar and evenly spaced, 
while the one on the left is widely separated from the rest of the series. This want of 
bilateral symmetry of the labium is not unique in Hydrobius, as it occurs also in 


~ 
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Helochares, where, however, it takes a slightly different form, and is perhaps to be found 
elsewhere. There seems to be no reason for such irregularity, which is quite constant, 
and it is difficult to see how it can be of any advantage to the larva. 

On the posterior region of the head, on that part which telescopes under the tergite 
of the first thoracic segment, are two small sclerites. 

The prothoracic segment is entirely chitinised, and has no characters calling for 
remark, ‘The mesothoracic segment is much shorter, and has a large chitinised tergite. 
On either side of it and at its anterior border a small projection exists into which runs 
a tracheal tube. Packarp (/.c., p. 471) mentions that the American species of Hydro- 
bius possess seven pairs of short “setose gills.” The larva of H. fuscipes has, on either 
side of the mesothorax, this setose structure, and on either side of each of the first seven 
abdominal segments is a similar structure also containing a tracheal tube communicat- 
ing with the main lateral trunk. Hydrophilus also possesses the abdominal “ sete,” but 
1 amcnot sure as to whether the mesothoracic pair are present. The larve of both 
Hydrophilus and Hydrobius drown comparatively easily ; they are never long away 
from the surface of the water, and are constantly to be seen renewing their air-supply 
by the posterior spiracles, and I do not see why these structures, which may be aborted 
or closed stigmata, should be described as “ gills.” 

The dorsum of the metathoracic segment is less strongly chitinised than that of the 
mesothorax, and on either side of the median line are two minute papilla each giving off 
a long fine stiff hair. Both meso--and meta-thorax tend to be bilobed at the sides, the 
one lobe lying above the other. 

The first‘abdominal segment is as short as the meso- or meta-thorax, but is distin- 
guished from these—apart from the absence of legs—by possessing two well-marked, 
though small, dorsal sclerites. The tracheal papillee or setose structures already referred 
to project on either side of the dorsum and near the anterior margin, and below this the 
sides of the segment are distinctly bilobed, the lobes being one above the other and 
somewhat resembling parapodia in appearance. Immediately behind the two sclerites 
and nearer the posterior margin of the segment are two papille each with a long hair, 
and a similar pair lie, one on either side, just behind the tracheal papille. The other 
seven abdominal segments are all very much longer from in front backwards, and are 
apparently composed of at least two annuli. The first annulus of each segment is 
plain, possesses no sclerites and no papille. There is a slight constriction at its junction 
with the posterior part of the segment. The posterior part of each segment from 2 
to 7 is exactly similar to the anterior abdominal segment, since it possesses two 
distinct sclerites, smaller, however, than those of the first abdominal segment, a pair of 
tracheal papillz, and two pairs of papille bearing long hairs. The anterior annulus of 
each of these segments is apparently the one which is specially contractile. Hach of 
the papille is apparently slightly chitinised, and perhaps their bases are correctly 
described as additional sclerites. 


The second part of segment 8 is somewhat peculiar. It extends posteriorly into 
TRANS. ROY. SOC. EDIN., VOL. XLVII. PART,IL:(NO. 14). _ bl 
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a three-lobed expansion, below the middle lobe of which the anus opens, and above 
which is a depression bounded anteriorly by a more or less perpendicular wall of tissue 
in the form of a slightly lobed ridge. Right and left of this ridge and just posterior 
to it is a small lobe bearing a flattened chitinised projection on which are three long 
hairs. The trilobed expansion is fringed with several long hairs and bears on its upper 
surface, just at the junction of the middle with the lateral lobes, two dark-coloured 
papillee each with two long hairs at its apex and one long hair projecting from a small 
papilla on its outer side.* 

On the posterior face of the anterior ridge and at either side of the median line is a 
narrow aperture—the spiracle—leading into a small chitinous vestibule into which opens 
the lateral tracheal trunk. The trunk is constricted where it opens into the vestibule, 
and there appears to be some apparatus of small chitinous pieces controlling this opening. 

The lateral lobes and the trilobed part of the segment are capable of spreading 
outward and of closing in, thus enlarging and diminishing the dorsal depression accord-_ 
ing as the larva is obtaining air at the surface and holding on to the surface film or 
moving under water. 

On the dorsum of this second part of the last abdominal segment is a large semi- 
circular chitinised tergite, developed perhaps for the protection of the functional spiracles 
which open just below its posterior margin. 

The surface of the skin of the larva is covered with scattered hairs arising out of 
small papillee amongst which are numerous small pores leading into short pits each of 
which gives off into the skin numerous minute hair-like processes. Amongst these pits 
are still more numerous minute pointed pits which look very like minute inverted spines. 

The larvee are metapneustic, the only functional spiracles being those opening into 
the dorsal depression of the eighth abdominal segment. The expansion of the lobes of 
this segment enable the larva to hold on to the surface film, the rest of its body being 
submerged. By moving the body rapidly from side to side when thus attached to the 
surface, the larva moves fairly rapidly ; otherwise its only method of progress is by 
creeping on the water plants, as it has no power of free swimming like the young larva of 
Hydrophilus. 

The position of the larva in relation to the surface film has nothing to do with the 
state of buoyancy, since an individual with no air in its gut can and does travel suspended 
to the surface film as easily as one filled with air; but whereas the former sinks if, from 
any cause, it loses its hold, the latter floats and can regain its attachment to the film. 

The method of feeding of the larva is peculiar. Its habit is to lie half out of the 

* Between these two papille is a small median pit from which bubbles of air seem to come off if, for instance, the 
larva is placed in alcohol. I have seen the same phenomenon in the case of the larva of Hydrocharis caraboides, L., and 
it would seem to indicate that there is a median spiracle or pair of spiracles opening at this point, although I cannot 
see any trachez leading there. But by putting the larva in water under the microscope and flooding with alcohol, air- 
bubbles seem to come off from numerous places. For instance, in one or two cases I distinctly saw bubbles escaping 
from the tracheal papille of the first abdominal segment, and in many cases bubbles come from the sides of the 


other segments, but apparently not from the tracheal papillae, Where these latter bubbles come from I cannot 
determine, and at present I can merely mention these observations, leaving the matter for a future occasion, 
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water, head downwards, on the side of the tumbler, and with the jaws widely expanded. 
Under natural conditions it may be found in a similar position on projecting water 
plants, or it is often to be seen enveloped in spirogyra with only its head projecting out. 
Its food consists largely of Entomostraca, daphnids being the chief item, though it also 
attacks small insect larvee and is quite ready to devour one of its own kind. 

The prey sooner or later comes within reach of the jaws and is at once seized. The 
larva then rapidly wrigeles backwards out of the water, and having once got to a fairly 
dry spot, it raises its head and thoracic segments off the substratum and, holding the 
prey with antenne, maxille, and labium, it proceeds to puncture it through and through 
by opening and closing the jaws, turning the captive round and round by movements 
of the antennze and maxille. The outwardly projecting points on the upper surface of 
the submentum and the row of small spines on the cardo of the maxilla assist in holding 
the prey and prevent the solid parts from being sucked down, as only the juices, with a 
large quantity of air, are absorbed. When there is nothing left but a crumpled mass of 
solid substance the larva lays this down beside it and either rests for a while or returns 
to the water in search of more food. It is apparently absolutely essential that the 
larva should get at least its head out of the water for feeding. By preventing larve 
from so doing I found that they died in spite of being in the midst of daphnids. They 
would seize one and carry it about for quite a long time, always endeavouring to get out 
of the water. 

Quite recently I discovered a larva with its head buried in an egg-cocoon devouring 
a batch of fresh-laid eggs, but whether this is a usual occurrence or was a special 
discovery on the part of this individual I do not know. The cocoon was floating on 
the water, but I imagine that the eggs must have been submerged by the time the larva 
had penetrated the wall of the cocoon. 

The larvee seem to spend a great deal of their time out of water. I have often found 
them on the muddy sides of ponds, where they must be largely devoured by small birds 
and in the tumblers they were constantly to be seen on the sides. I have seen them 
seizing one of their own kind when out of water, but as a rule they return to the water 
for their food, and if they wander too far from it they are apt to suffer from drought. 

The duration of the first larval stage varies considerably. In specimens hatched in 
the middle of April the usual time until the first moult was about fifteen days, but later 
on, in warmer weather, the first stage only lasted from six to ten days. A second 
moult takes place at the end of a period about as long as the first. The two moults 
have, as far as external characters are concerned, produced no change in the appearance 
of the larva. In the young larva the head and jaws are much larger in proportion to 
the body than they are in the older larva, but this change is merely due to a more 
rapid growth of the body as compared with that of the head and is not connected 
with the moults. 

Having moulted twice the larva is in its last stage, and this occupies five to seven 
or even eight wecks. At the end of that time the full-grown larva crawls out of the 
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water and burrows into the ground and after several days becomes a pupa. My larvee, 
reared in tumblers, indicated their maturity by great activity and by many futile 
attempts to get out. As soon as they were placed in small glass dishes containing 
moist earth they burrowed into it. 

In the earth the larvze spins a silken cocoon. My larvee burrowed to the bottom of 
the glass dishes in perhaps an inch of soil, and there formed the cocoons in contact with 
the glass. In some vases these were sufficiently thin to allow the larva to be seen 
within. I was surprised at the little difficulty I had in getting the larve to burrow 
into the soil. Lyonner found the larvee of Hydrophilus very particular in the choice of 
soil for pupating in, and only sueceeded in getting pupa after several attempts. So 
far I have always failed to get the larvee of Hydrophilus to pupate, although possibly 
the fact that I have reared them beyond the limits of natural distribution may have 
affected them. The larvee of Hydrobius accepted garden soil without démur. 

Once the cocoon is complete the larva rests and does not at once change to a pupa, 
as I have found larvee unchanged after eight or nine days in the cell. 


THe Pupa. 


The pupa is of the typical Coleopterous form, but bears on the dorsal side of its 
thoracic and abdominal segments series of stiff hairs. In Hydrophilus only a few hooked 
spines exist in place of these hairs, and Lyonner discovered that they were supports 
upon which the pupa rests within the cell. The Hydrobius pupa, I found, was very 
active and turned in all positions in the cells, not by any means always lying passively 
on its back. 

The pupal stage lasts but a short time. I cannot give the exact duration, as I 
omitted to note the times at which the larvee changed to pupe, but, from the time 
the larva burrowed into the ground, it was three weeks before I saw any imagines in the 
cells, and as at least some of the larvee remained unchanged for eight or nine days, the 
pupal condition lasted about eleven or twelve days. There are, no doubt, variations in 
the length of this stage, just as there are in that of the maturation of the egg and of 
the larva, according to temperature conditions. 


THE Lire-Cyc ie. 


M1auu (l/.c., p. 98) states that “very soon after the emergence of the beetle the 
cocoon is formed and the eggs are laid,’ and “all the stages may be found together 
about the end of August.” So far as my experience goes, Hydrobius completes its life- 
cycle during the one season, the whole cycle occupying about twelve weeks. I have 
never been able to find eggs or young larvee in August or later, yet, if Mrat’s state- 
ment is correct, larvee should be found during the winter, as are the larve of the 
Dytiscide. It is possible that some of the later larvae may pupate in September and 
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that the pupze may lie dormant through the winter, or possibly the imago may emerge 
from the pupal skin in the autumn and remain within the cell until the spring. Under 
ordinary circumstances the beetle remains some time within the cell before breaking out, 
but a newly emerged beetle is always recognisable on account of its comparative soft- 
ness, and I have no record of having found newly hatched imagines before June. 

Whereas a large number, perhaps all of the Dytiscidex, pass the winter in the larval 
as well as in the imago condition, I think that normally the Hydrophilidee are then only 
imagines, and that they all usually complete their life-cycle within a single season. 
This certainly is generally the case with Hydrophilus and, I think, with Phalhydrus 
maritimus, Thoms, and, were it not for Mrauu’s statement, I should also include Hydro- 
bius fuscipes, L. 


FECUNDITY. 


The egg-laying period of a single female apparently continues through the egg- 
laying period of the species. I have isolated a number of females from the time they 
built their first cocoon, and up to the end of June some have built as many as seven 
ege-cocoons. In these cases no male has been with the females since they started their 
first cocoon, with one or two exceptions, in which they received a f after the completion 
of the first cocoon. The average number of eggs in these later cocoons is rather smaller 
than in the earlier ones, there being only about twelve; but each of these females has 
produced from eighty to a hundred eggs up to the end of June, and there may yet be 
one or two cocoons built by them before the end of the season. The eggs are fertile, 
the development of the embryos being quite normal. 

Hydrobwus fuscipes is certainly a common species, but there must be a tremendous 
mortality among the larve. 


SUMMARY. 


Hydrobius fuscipes, L., is a common water-bettle of which H. picicrus, Thoms, is 
apparently only a variety, the two forms being extremes of a series and tending to prefer 
different environments. 

The food of the imago is chiefly filamentous and confervoid alow, but it also 
devours dead insects, ete. The jaws, as in all the Hydrophilide, have grinding 
surfaces at their bases, but the two jaws differ from one another in accordance with slight 
differences in function. 

The courtship of Hydrobius is peculiar, the male on the back of the female bending 
forward over her head and tapping upon her labium with his palpi. There are 
apparently only certain times at which a female will accept a male. The peculiar 
twisting of the penis in the process of copulation, which was observed in Hydrophilus 
by DonisrHorpE, is also seen in Hydrobius. 
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The female genital armature is apparently part of the eighth abdominal segment, 
so that PryrourEAv’s statement that, except in Dytiscus, in the Coleoptera this is always 
on the posterior margin of the seventh segment, is apparently incorrect. 

The spinning apparatus, which is somewhat different from that described for 
HHydrophilus, is described in some detail. The spinnerets, from the apices of which the 
silk runs, do not appear to have any duct running through them, and it is suggested that 
the silk flows out on their surfaces. 

The method of building the egg-cocoon seems to be quite different in Hydrobius from 
what it is in Hydrophilus, and whereas in the latter case it is stated (LyonNET) that the 
egos are laid after the body of the cocoon is completed, in Hydrobius, the egg-laying 
commences very soon after the cocoon is begun. 

The development of the embryo is followed in the living egg. In the final stage the 
embryo swells up so as to completely occupy the shell, and a cephalic pulsating organ, 
which is probably a pharyngeal pump, appears. It is suggested that this absorbs the 
periembryonal fluid and thus enables the embryo to completely occupy the shell. 

The larva shows certain peculiar habits, one of which is that it normally has its gut 
partly filled with air-bubbles, and as it takes its first “ air-drink” shortly after hatching, it 
is suggested that the ribbon attached to the egg-cocoon, and which normally reaches 
the surface of the water, is for a pathway by which the larvee may get to the air. In 
the same way perhaps the mast of the Hydrophilus cocoon may be useful. 

Another peculiarity of the larva is that it can apparently only feed out of the water. 
The prey, which consists chiefly of daphnids, is sucked dry, the solid portions being 
left as useless. 
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DESCRIPTION OF PLATES. 


Puate I. 


Fig. 1. Right mandible of imago, showing the grinding region (a). Partial view of the lower side 
and of the “inner” face. 

Fig. 2. Left mandible, showing concavity (6) into which the grinding portion of the right mandible 
fits. Partial view of the lower side and of the “inner” face. 

Fig. 3. First maxilla of left side of imago showing the series of ‘‘brushes” which assist in the feeding 
process. (a) cardo, (0d) stipes, (c) palpiger, (d) galea, (e) lacinia, (/) the transparent membrane of the stipes. 
m., muscle attachments. 

Fig. 4. The labium from below. m., mentum; sm., submentum. 

Fig. 5. Dorsal view of a larva recently hatched ( x 42); dotted portions are chitinised. 

Fig. 6 represents the maxille and labium of larva as seen in a moulted skin by removing the frontal 
selerite with the antenne and mandibles. Note the upper face of the submentum (s.) with its outwardly 
pointing teeth. m., first maxilla; 7, labium. Maxilla composed of (1) cardo; (2) stipes bearing (3) 
undifferentiated galea and lacinia, and (4) palpus. 

Fig. 7. The frontal sclerite of head of larva with antennz and mandibles as removed from fig. 7. Ir., 
labrum. 

Figs. 8 and 9 represent dorsal and lateral views of the posterior abdominal segment of the larva. (a) 
anus ; (0) dorsal sclerite ; tr., lateral tracheal trunks; v., their vestibules (these are seen through the dorsal 
sclerite and open below its posterior ridge) ; (c) the lateral appendages or so-called “ cerci.” 


Puate II. 


Fig. 10. Dorsal view of penis. The abdominal segments are only partially extended. In numbering the 
abdominal segments I have followed Pryroursav. 7’ and 8’, the tergites of these segments; 7, 8, and 9, 
the sternites ; a., accessory lobe of penis. (x 60.) 

Fig. 11. Ventral view of penis, the connective tissue regions between segments 7 and 8 and 8 and 9 
being fully extended. Lettering as in fig. 10. (x 60.) F 

Fig. 12. Ventral view of ? genital armature. 7 and 8, the abdominal segments. (a) Base of one 
of the spinnerets (6); [for b’ see text]; (v) the ventral grooved plate; (x) one of the two pivots upon 
which the spinnerets swing ; (y) the chitinised lateral portion of segment 8. (x 60.) 

Fig. 13. Lateral view of the ? genital armature, both vagina and rectum being prolapsed. Lettering 
as in fig. 12. (x 60.) 

Hig. 14. Ventral view of ? genital armature in a state of rest showing the spinnerets retracted. 


Puate IIT, 


Figs. 15-31. The development of the egg. 

Fig. 15, 2-3 days stage, showing primitive streak (p.s.) and commencement of the amniotic cavity 
(am.c.) at posterior end of egs. per., perivitelline space. 

Figs. 16 and 17, 3-4 daysstage. a.f., amniotic folds. The amnion (am.) has grown over the posterior 
part of the primitive streak towards the head, the lateral folds of which (fl.) are to be seen backed by the 
lateral folds of the amnion. 01., blastopore. 

Fig. 18. 5 days stage. (There isa stage wanting between this and that of the last figure owing to 
the three earlier drawings having been taken from an egg at a different time of year showing a different rate 
of development.) The embryo is seen bent backwards round the yolk, the appendages being visible as buds. 

Figs. 19 and 20. 6 and 7 days stages showing the gradual shortening of the embryo within the egg 
and the development of the appendages. 

Fig. 21. 8 days stage. The embryo showing the ruptured amnion twisted on the back to form the 
dorsal organ (d.0.). 


340 THE LIFE-HISTORY OF HYDROBIUS FUSCIPES, L. 


Fig. 22. Ventral view of same embryo, 

Figs. 23 and 24. Lateral and ventral views of the 9th day stage showing the ventral curvature of the 
embryo. 

Fig. 25. 10 days stage showing the segmentation of the appendages and the commencement of the 
formation of the lateral tracheal trunks (é7.). 

Fig. 26. 11 days stage. The first sign of the heart (.) and of the muscular system. 

Fig. 27. 12 days stage. The pigmentation of the lateral tracheal trunks. 

Fig. 28. 13 days stage. The building up of the tracheal system. 

Fig. 29. The 14th day, some hours before the embryo is to emerge. Note the amount of free space 
within the shell. 

Figs. 30 and 31. The same egg shortly before and within a few minutes of the escape of the embryo, 
p.o., pulsating organ, The tracheal papille (‘‘setose gills”) of the second thoracic and first abdominal 
segments are seen in fig. 30, and all these are visible in fig. 31. Note the tightly packed embryo in fig. 31. 

Figs. 32 and 33. The right and left mandibles of the imago seen from above. j 

Fig. 34, The right antenna of the ¢ of the imago. 
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In the course of an endeavour, which was successful only after a number of years, 
to obtain specimens for the purpose of identifying the species of Strophanthus that 
produces the smooth seeds which had been chemically and pharmacologically investigated 
by one of us several years ago, the follicles, flowers’ and other parts of a number 
of different species of Strophanthus were obtained from Africa. Among them, 


__S. sarmentosus was represented, and in the course of time a sufficient quantity of seeds 
‘of this plant was collected to allow an examination to be undertaken of their chemistry 


and pharmacology. 

In this communication, a description will be given chiefly of the pharmacological 
portion of the investigation, with only such brief reference to botanical and chemical 
facts as may be useful for the identification of the seeds, and of the preparations from 
them that were used in the experiments. Further, as there has come into our posses- 
sion much information regarding the use of the seeds of this plant as an arrow-poison, 
and an unusually complete collection of illustrative specimens, a few statements will 
also be made on this subject. It has a special interest inasmuch that arrows 
poisoned with these seeds are used against British troops in the punitive expeditions 
that are still found to be necessary in Nigeria and other parts of West Africa. 

’ The first specimens of S. sarmentosus that were obtained consisted of a few 
follicles from Gambia, in West Africa, sent to one of us in 18938, by Sir Roperr 
LLEWELYN, the then Governor of that Colony. From Gambia, also, specimens of 
flowers as well as of follicles and seeds were received in 1903, collected by Dr Durrton, 
of the Liverpool School of Tropical Medicine. In the same year Sir Wituiam 
Macerscor, K.C.M.G., sent some seeds and flowers from Lagos, of which Colony he 
was at that time Governor. In 1905, a large number of follicles was received from 


the Acting-Secretary to the Northern Nigeria Administration, and they were followed, 
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in 1906, by several follicles and a small quantity of seeds collected by Dr Jonn M. 
DauzieL, Colonial Medical Officer of Zungeru, Northern Nigeria. As these were 
supplemented, in 1908, by a large supply of follicles and seeds, also collected by 
Dr DauzigeL, ample material had now been obtained for the purposes of investigation. 

We have to express our obligations to the above colonial officials, and especially 
to Dr DatziEL, as well as to the Colonial Office in London, by whom the co-operation 
of several of the above gentlemen and of the Administration of Northern Nigeria 
was secured. 

In order to obtain official confirmation of botanical identification, the whole, or 
specimens of each, of the above consignments were submitted to the authorities at 
the Royal Botanical Gardens, Kew, and their confirmation, and especially that of 
Dr Srapr, author of The Flora of Tropical Africa, may be accepted as a guarantee 
that the seeds used in this investigation were those of S. sarmentosus. 

In addition to the above-mentioned localities, this species of Strophanthus has also 
been found in Senegal,* Senegambia and Guineat in West Africa, and a variety of 
the species, distinguished as S. verrucosus, in Zanzibar and districts adjoining 
Mombassa and Delagoa Bay in Eastern Africa.{ The plant has also received the 
names of S. Senegambia, S. pendulus and S. lawrifolius. In the Lagos territory, the 
native name of “‘ Isa- (or Isha-) kekere” has been given to it, that of “ K wankwanni” 
or “Kunkunni” in the Zungeru district of Northern Nigeria, and that of ‘‘ Kunna 
Nombo” (shuttle vine) in the Gambia Colony. 

Follicles.—The follicles, which are generally fusiform in shape and have a shallow 
bifid apex, were received in a dry state, and either entirely closed or opened in 
various degrees at their ventral surfaces. In a considerable number (a) the carpel 
coverings are retained in their natural state; and in others (b) the epi- and meso- 
carpels have been scraped off, no doubt to facilitate the drying of the contained seeds. 

(a) The non-scraped follicles are rough on the surface, with fine, longitudinal, linear 
projections ; and are of an irregularly mixed brown and green colour, the lower parts 
being chiefly brown and the upper parts chiefly green. In three or four out of 120 
examined, there was a number of small, slightly elevated, pale brown spots, about 4 to 
4mm. in length. The follicles vary in dimensions from 180 to 312 mm. (about 7 to 
124 inches) in length, and from 20 mm. to 50 mm. (about ~ to 2 inches) in greatest 
width, the greater number being of or about the larger of these dimensions. The 
weight varies from 24 to 96 grams (about # to 32 ounces), the usual weight being 
about 60 or 70 grams (about 2} to 24 ounces), although a considerable number are 
heavier than the latter weights. 

(b) The scraped follicles are of a very pale fawn colour, and many of them have 
darker longitudinal markings, where the mesocarp has not entirely been removed. 


.* PayRav, Recherches sur les Strophanthus, 1900, p. 86. 
+ Srapr, Flora of Tropical Africa, vol. iv., 1904, p. 180. 
{ Payrav, loc. cit., p. 86, 
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Their dimensions range between 180 mm. and 320 mm. in length (74 and 12} inches), 
and 25 and 28 mm. in greatest width (1 and 14 inch); and their weight between 
11 and 39 grams (2 to 12 ounces), the greater number approximating to the larger 
dimensions and the higher weight. 

Seeds.—The seeds, which are provided with the plumose appendages common to 
the genus, are narrow-ovate or spindle-shaped. They vary in size from 10x 3 to 
18x4 mm. (about ‘4x°12 to ‘5x°‘15 inch), the greatest number being about 
12x 4 mm. (‘47x ‘15 inch); and they vary in weight from 0°014 to 0°028 gram 
(22 to ‘44 orain), having an average weight of about 0°024 gram (‘37 or 3 of a 
grain). They are of a dark fawn colour and have a velvety appearance caused by the 
short brown hairs with which they are covered,* and their appearance is distinctive 
when contrasted with that of the seeds of many species of Strophanthus with which 
we have had an opportunity of comparing them. The seeds have a bitter taste, and, 
when reduced to powder, they have a feeble woody odour with slight acridity. 

When the surface of a transverse section is moistened with 80 per cent. sulphuric 
acid, a faint red tint appears round the cotyledons, in a few minutes the cotyledons 
assume a dull purple and the albumin a red tint, and, ultimately, the cotyledons 
become blue, and remain so for several hours.t When 80 per cent. sulphuric acid is 
applied to the seed divested of its testa, a lavender tinge is produced, which passes 
into violet and then into pale blue. ~Both of these reactions markedly contrast with 
the green colour produced in the seed of S. daspidus. Hydrochloric acid applied to 
a transverse section produces a greenish-blue colour in the interior of the seed, 
whereas the interior of the seed of S. hispidus is unaffected by this reagent. 

Extract of Seeds.—¥or the purpose of determining the pharmacological action of 
S. sarmentosus we used an alcoholic extract of the mature seeds. It was prepared 
by reducing the seeds to a fine powder, percolating the powder, in the first place, 
with ether so long as ether removed anything, and then percolating the residual 
powder with 90 per cent. alcohol in the proportion of five parts of alcohol to one part 
of the original powdered seeds. The etherial and alcohol percolates were separately 
distilled to a small bulk and evaporated at a low temperature on a water-bath, and the 
latter percolate finally dried 7m vacuo over sulphuric acid. By this process there was 
obtained 34°7 per cent. of ether extract and 23°5 per cent. of alcohol extract. 

The latter extract, with which chiefly our experiments were made, is a brittle, 
shining, yellowish-brown and slightly hygroscopic substance, freely soluble in water 
and moderately so in 90 per cent. alcohol. The watery solution of the extract is 
strongly bitter in taste and slightly acid in reaction. It contains an active principle 


* A few of the seeds that had protruded to the outside of opened-up follicles, and many of the seeds that had 
been removed from the follicles and dried in Africa, are of a very pale fawn or deep cream colour, having hecome 
blanched, apparently, by exposure to weather. 

+ On submitting seeds to Mr Houmas, of the Pharmaceutical Society of Great Britain, who originated this test and 
has applied it to the seeds of many species of Strophanthus, he states that he obtained very similar colour-changes, 
and he expresses the opinion “that there can be no doubt, therefore, that your seeds are those of Strophanthus 
sarmentosus,” 
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having the chemical properties of a glucoside. In many of its colour reactions it 
closely resembles the extract of S. hispidus, as these have been described by one 
of us in a paper communicated to this Society.* It differs, however, in several 
colour reactions. For example, in the case of the dry extract, strong sulphuric acid 
produces a dark brown which slowly becomes violet; and dilute nitric acid a light 
yellow, which remains unchanged when the temperature is raised to 130° F. In the 
case of a 2 per cent. solution in water, phosphomolybdic acid causes an abundant 
yellow precipitate, which is dissolved by heating, and the solution on cooling becomes 
dark blue in colour with a greyish deposit; and the solution of the extract is made 
bright yellow by the addition of molybdate of ammonium. 

Arrow-poisons.—In common with the seeds of several other species of Strophanthus, 
those of S. sarmentosus are employed in producing an arrow-poison, which is in 
extensive use in the districts of Africa where the plant occurs. Dr Dauzret has placed 
at our disposal specimens of this arrow-poison, the preparation of which he has had an 
opportunity of witnessing at Kantagora and at Zungeru, in Northern Nigeria. Accord- 
ing to Dr Dauzret, the natives place about a quarter of a pound of coarsely ground 
S. sarmentosust seeds in an iron pot with about two pints of water and, after 
heating to the boiling point, add a small quantity of a mixed powder containing 
five ingredients, chiefly the bark and roots of several other plants. After boiling for 
a few minutes, the contents of the pot are percolated through a rough filter of twigs, 
leaves and husks, and the pea-soup-like percolate is again boiled until it has acquired 
the consistence of a thin syrup. At Kantagora, the powdered head of a small venom- 
ous serpent and a few drops of cock’s blood are also added to the poison. The arrow- 
heads are poisoned by being several times dipped into this syrupy liquid, and at 
Zungeru they are finally dipped into some “animal substance.” It is stated that 
a poisoned arrow-head may be used several times without renewal of the poison. The 
poison is a brownish-grey, grumous fluid of thin syrupy consistence, and holding 
minute, flaky, solid particles in suspension. After being at rest for several weeks, a 
small quantity of a brown, clear liquid collects at the upper part, and a considerable 
cohesive, grey sediment at the bottom. This sediment was found to be insoluble 
in water. 

When the thoroughly mixed poison was dried, it became a dark brown, brittle and 
slightly hygroscopic solid, 10 c.c. of the original poison yielding 10°14 grams of solid 
substance. When this dried poison was tested with the reagents giving fairly 
distinctive colour-changes with the extract of S. sarmentosus seeds, no conclusive 
results were obtained, no doubt because of the many ingredients, other than 
Strophanthus extract, which are present in the arrow-poison. 

The poison in its original form, the liquid that spontaneously separates from it, and 
the several times washed sediment were each tested in regard to lethality and effects 


* Transactions of the Royal Society of Edinburgh, vol. xxxv., part iv., 1890, pp. 1001-3. 
+ Some of these seeds were secured by Dr Dauziut, and on examination were found to be seeds of S. surmentosus, 
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on the heart. While the former two were found to be active, though less so than the 
extract from the seeds, the third (sediment) appeared to be inert. The experiments are 
epitomised at pp. 347 and 348. 

There has also been sent by Sir Freprrick Lucarp, K.C.M.G., High Commissioner 
of Northern Nigeria, a description, obtained from a “ professional native poison-maker ” 
by Dr G. W. THomestonz, P.M.O., of the manner in which the poison is prepared. 
This coincides very closely with the description furnished by Dr DauzieEt, even to the 
extent of there being used in the preparation, besides Strophanthus seeds, parts of five 
plants, the blood of a “red fowl” and, occasionally, the head of a venomous serpent. 
The “animal substance” referred to in Dr Dauzixrt’s description of the manufacture of 
the arrow-poison is, according to this account, obtained, though only rarely, by 
sticking the arrows into the abdomen of a dead man and leaving them there for three 
days. The native name of the arrow-poison is ‘‘Gunguma,” and arrows poisoned with 
it are in use at Zaria, Kantagora, Bida, Zungeru and Lapai. While, however, at each 
place, Strophanthus seeds are known to enter into its composition, it was not known if 
S. sarmentosus is the species, or the only species. ‘The poison appears to be less fluid 
than that whose preparation was witnessed by Dr Dauzigt, and, further, it is applied 
by being smeared on the arrow-heads with a feather and not by several times dipping 
the heads into the poison. It is said to remain active for three years, and to cause 
death, according to one account, in not less than twelve hours, and, in another account, 
in not less than thirty minutes ‘after a mere scratch.” 

Poisoned Arrows from Sir Frederick Lugard (Plate I., figs. 4a and 4b):—Arrows 
have not been received upon which had been applied the poison whose preparation had 
been observed by Dr Dauziet, but in 1904, Sir Freperick Lucarp most kindly sent 
to one of us four leather quivers containing a large number of poisoned arrows obtained 
for him by Dr Lever, one of the medical officers of Northern Nigeria. These arrows 
are not feathered. They vary in length from 685 to 787 mm. (27 to 81 inches), a 
large proportion of them being 762 mm. (30 inches). The shaft consists of bamboo 
cane, about 8 mm. (?; of an inch) in diameter, which is notched at one extremity 
for receiving the bow-string, while about 38 to 51 mm. (14 to 2 inches) of the iron 
stem of the arrow-head is inserted into the other extremity without being tied or fixed 
with any adhesive substance. In the majority of. the arrows, the head is ovate in 
shape, and in others it is lanceolate (see fig. 4, Plate I.). The iron arrow-head with 
its stem is about 178 to 200 mm. (7 or 8 inches) in length, the stem being 128 to 165 
mm. (5 to 63 inches) in length, and the head 25 to 50 mm. (1 to 2 inches) in length 
and 12 to 22 mm. (4 to % inch) in greatest width, a common width being about 19 mm. 
(? of an inch), and on each surface of the head one wing is concave and the other 
convex. From the base of each wing, a pointed barb projects downwards at an angle 
of about 20 degrees with the long axis of the arrow. The barbs are 11 to 15 mm. long 
(2 to 3 inch), and 2 to 2°5 mm. (5 to +5 inch) thick at their attachment to the arrow- 
head. In two of the arrows that were received, there are also iron spikes projecting 
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from each side of the iron stem, in one arrow two pairs and in the other three pairs 
(see fig. 4b, Plate I.). 

The long portion of the iron stem of the arrow-head that is not inserted into the 
cane shaft, and nearly always a considerable part also of the head itself, is thickly and 
unevenly covered with the poison, the iron stem having previously had a vegetable 
fibre wound spirally round it, apparently for the purpose of increasing the adhesion of 
the poison. 

When the arrows were first received the poison was slightly soft, but, in the 
course of time, it has become hard and brittle and greyish on the immediate 
surface, and almost black in the interior. The poison scraped from two arrow-heads, 
the one small and the other large, weighed 2°5 and 4°5 grams (38°5 and 69°4 grains) 
respectively. 

On shaking the powdered poison in a test-tube with a little distilled water, a pale 
brown, slightly viscous fluid was produced, in which were numerous nearly white, 
flaky particles, which remained in suspension for several hours. Under similar treat- 
ment, 70 per cent. alcohol produced a brownish-yellow, clear solution, and 90 per cent. 
alcohol a very pale yellow solution. In each case, much the greater part of the poison 
remained undissolved. Neither ether nor chloroform appeared to exert any solvent 
action upon it. Although by chemical reagents definite proof could not be obtained 
that extract of S. sarmentosus seeds forms an ingredient of this poison—any more 
than with Dr Dauzret’s arrow-poison, in which this extract is definitely known 
to be present—the manner of its preparation and the locality in which it is 
prepared are in favour of this being the case. This probability is strengthened by the 
results of experiments that we have made to determine its lethality and its effects on 
the heart, which are recorded at p. 348. 

Arrow-heads from the Chibbuh Hill Campargn.—We have also had an opportunity 
of examining two arrow-heads, obtained by Dr A. C. Parsons, M.O., Hast Bornu, and 
transmitted to one of us by the Acting High Commissioner of Northern Nigeria, which 
had been removed from the dead bodies of two members of the Chibbuh Hill Campaign 
of 1906-7. Both arrows are stated to have caused death in half an hour. They have 
the same characters as those sent by Sir Freverick Lucarp. The lethality of the 
poison closely corresponds with that of the arrow-poison obtained by Dr Datziex and 
of the poison on the arrows received from Sir FRepERIcK Lucarp, and it affects the 
heart in the same way (pp. 348 and 349). 

It may, therefore, be assumed as being probable that the seeds of S. sarmentosus 
form a main ingredient of the poison in these arrows also. 

With each of these arrow-poisons and with several of their products a number 
of experiments was made with the objects of determining their lethality and the 
nature of their action. Before being used, each substance was completely dried 
mm vacuo over sulphuric acid. The experiments are summarised in the following 
Tables (I. to IV.). 
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TasLe I.—Dr Datzien’s ARROW-POISON PREPARED FROM S, SARMENTOSUS BY THE 
Natives oF NortHern NicERta. 


Minimum-Lethal Dose for Rabbits by Subcutaneous Injection. 


ane pe OD eee Result. 
in grams, Brel in grams. 
2050 ~ 0:00615 0:003 Recovered. Slight effects. 
1860 0:00651 0:0035 Reeovered. Distinct effects. 
1600 0:0064 0-004 Death in 5 hours 18 minutes. 
1200 0-009 0:0075 Death in 45 minutes. 
1950 0:039 0:02 Death in 47 minutes. 


The minimum-lethal dose per kilogram of this poison by subcutaneous injection in 
rabbits was found to be 0:004 gram, or 22 times larger than the minimum-lethal dose 
of the extract of S. sarmentosus. The arrow-poison was not completely soluble 
in water. The symptoms and post-mortem appearances caused by its administration 
were identical with those produced by the extract of S. sarmentosus, but they did not 
occur so soon after the injection. While death occurred within two and a half 
hours after the injection of the minimum-lethal dose of the extract, it did not occur 


until five hours after the injection of the minimum-lethal dose of this arrow-poison. 


TasLe II.—Liguip Part or Dr Dauztew’s ARRrow-Polson. 


Minimum-Lethal Dose for Rabbits by Subcutaneous Injection. 


ag A EEE pn tail Result. 
in grams, in grams, 
2600 0:0052 0:002 Recovery. Severe effects. 
1290 0:0029 0:00225 Death in 2 hours. 
1600 0:004 0:0025 Death in 3 hours. 
1500 0:0045 0-003 Death in I hour 10 minutes. 


The minimum-lethal dose per kilogram of this part of Dr DauziEt’s arrow-poison by 
subcutaneous injection is, in rabbits, about 0°00225 gram per kilogram, or 1} times the 
minimum-lethal dose of the extract of S. sarmentosus. Death occurred as rapidly 
after injection as in the case of the extract of S. sarmentosus, and similar 
symptoms and post-mortem appearances resulted. As it contains only soluble 
matter and presumably the Strophanthus products present in the arrow-poison, its 
greater toxicity is easily accounted for. The difference of lethality between it and the 
entire arrow-poison indicates that all or several of the other ingredients which enter 
into the composition of the entire poison diminish its lethality, and are introduced to 


348 SIR THOMAS R. FRASER AND MR ALISTER T. MACKENZIE ON 
render the poison more viscous and adhesive, or under some misapprehension of their 
potency, or with a superstitious intention. 

That there are ingredients in the entire arrow-poison which diminish its lethality as 
contrasted with that of extract of S. sarmentosus was made apparent when the insoluble 
substance in the arrow-poison was separately examined. It was then found that when 
rabbits received by subcutaneous injection doses of this portion of Dr DauziE.’s arrow- 
poison up to 0°02 gram per kilogram (or equivalent to 13 times the minimum-lethal 
dose of extract of S. sarmentosus), no definite symptoms were produced with even the 


maximum dose. 


TabiLe I]],—NortHern Nigeria PoisoN FROM ONE OF SIR FREDERICK LUGARD’s ARROWS. 


Minimum-Lethal Dose for Rabbits by Subcutaneous Injection. 


Nasal eae its Fan GA diton Result. 

in grams. 2 r in grams, 
1370 0:00411 0:003 Recovery. Slight effects. 
1700 0°00544 0-0032 Recovery. Slight effects. 
1320 0:00462 0:0035 Death in 3 hours. 
1380 0:00552 0-004 Death in 1 hour 17 minutes. 


The minimum-lethal dose of this poison for rabbits is the same as that of the poison 


sent by Dr DauzIxrt. 


those produced by extract of S. sarmentosus. 
When a dose of 0°004 gram per kilogram was injected subcutaneously into the 


The symptoms and post-mortem appearances are identical with 


flank of a rabbit, distinct symptoms were manifested in 50 minutes, and the animal 
died in 1 hour 17 minutes. When the same dose per kilogram (0°004 gram) was 
inserted in a dry state under the skin of the flank of a rabbit, distinct symptoms 
As the poison 
removed from one of the smaller and one of the larger arrows weighed 2°5 and 4°5 
grams respectively, the one arrow carried sufficient poison to kill ten men and the 
other eighteen men. 


appeared in 50 minutes, and the animal died in 1 hour 5 minutes. 


Taste 1VY.—ARRow-PoIson FROM ONE OF THE CHIBBUH Hitt CampaiGn ARROWS. 


Minimum-Lethal Dose for Rabbits by Subcutaneous Injection. 


Weight of | Dose per kilo- 
Animal Actual Dose gram af Animal Result. 

in grams, PI aatee in grams, 
1700 0:0051 0:003 Recovery. Slight effects. 
1300 0:00455 0:0035 Recovery. Distinct effects. 
1650 0:0066 0-004 Death in 3 hours. 
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The minimum-lethal dose of this arrow-poison is 23 times as great as that of extract 
of S. sarmentosus. The symptoms and post-mortem appearances are identical with 
those caused by extract of S. sarmentosus. 


In the investigation of the toxic power, the general effects and the effects on the 
more important functions and structures of the body of S. sarmentosus, we made use of an 
alcoholic extract of the seeds which had been deprived of all substances soluble in ether, 
and whose mode of preparation and chief characters have already been described (p. 343). 


A. Letaatiry or Toxic Power. 


The experiments made with the extract for the purpose of ascertaining the minimum 
quantity capable of producing death when administered by subcutancous injection to 


frogs, rats, rabbits and cats, have been arranged in Tables V., VI., VII. and VIII.* 


TasLe V.—Minimum-Leraat Doss or Extract ror Frocs (Rana temporaria and R. esculenta). 


‘ Dose per kilo- 
Gcperinent | Anincl‘n groms. | “ingreme:” | etm of Animal Rent 
1 30 R, ese. 0:000045 0-:0015 Recovery. Slight effects. 
2 24 R. temp. 0:00006 0:0025 Recovery. Slight effects. 
3 28 R. temp. 0:000077 0:00275 Recovery. Slight effects. 
4 38 R. esc. 0:000114 0:003 Recovery. Distinct effects. 
5 42 R. esc. 0:000126 0-003 Recovery. Slight effects. 
6 32 R. temp. 0-:0001024 0°0032 Recovery. Slight effects. 
7 33 R. ese. 00001089 | 0:0033 Recovery. Severe effects. 
8 38 R. esc. | 0:0001254 0:0033 Death after 6 and before 21 hours. 
9 41 BR. ese. 0:0001394 0:0034 Recovery. Severe effects. 
10 41 R, temp. 0:0001394 0:0034 Recovery. Distinct effects. 
1 24 R. temp. 0:000084 0:0035 Death after 9 and before 104 hours. 
12 42 R. temp. 0:000147 0:0035 | Death in 34 hours. 
13 42 R. ese. 0:0001596 0:0038 Death in 4 hours. 
14 30 &. temp. 0:000112 0-004 Death in 2 hours 20 minutes. 
15 34 R. esc. 0:00017 0-005 Death in 1 hour 50 minutes. 


* In the case of warm-blooded animals—rats, rabbits and cats—the weight was taken and the extract was 
administered always at the end of the same interval of time (18 hours) subsequent to the last reception of food, in 
order to eliminate, as far as possible, variations in weight due to differences in the amount of the contents of the 
alimentary canal. 
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Tante VI.—Minimum-LerHat Dose or Extract ror Rats. 


| No. of Weight of Actual Dose ee pees Result 
, Experiment. | Animal in grams. in grams, in grams. : 
ra 
| 18 240 00072 0:03 Recovery. Very slight effects. 
19 205 0:041 0-2 Recovery. Slight effects. 
20 185 0:0555 0:3 Death in 4 days. 
21 205 0:123 0°6 Death in 4 days. 
22 130 0:0975 0-75 Death in 3 days. 
23 180 0:27 15 Death in 5 hours. 


TasLeE VII.—Minimum-Leruat Dose or Extract ror Rassits. 


No. of _ Weight of Actual Dose er Wire Result. 
Experiment. | Animal in grams. in grams. in grams, 
24 2000 0-001 0:0005 Recovery. Very slight effects. 
25 2000 00015 0:00075 Recovery. Very slight effects. 
26 2210 000177 0:0008 Recovery. Very slight effects. 
27 1940 0:001745 0:0009 Recovery. Very slight effects. 
28 1870 0:00187 0:001 Recovery. Distinct effects. 
29 2500 0:00275 00011 Recovery. Distinct effects. 
30 1970 0:002364 0:0012 Recovery. Distinct effects. 
31 1750 0°002275 0:0013 Recovery. Distinct effects, 
32 1640 0:002296 0:0014 Recovery. Severe effects. 
35 2330 0003262 0-0014 Recovery. Severe effects. 
34 1460 0:00219 0-0015 Death in 1 hour 25 minutes, 
35 2200 0:0033 0:0015 Death in 2 hours 2 minutes. 
36 2150 —  ~—0°00438 0:002 Death in 1 hour 17 minutes. 
Taste VIII.—Mrnimum-Leraat Doser or Extract ror Cats. 
: Dose per kilo- ; 
ae pees pots piper 8 a af Anil SSE Me 
38 2950 0:00295 0:001 Distinct effects, Recovery. 
39 2230 0°00446 0:002 Death in 1 hour 15 minutes, 


The following table (IX.) gives the results following the injection of the same extract 


into the marginal vein of the left ear in rabbits. 
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TasLte [X,—InrrRavenous Minimum-LetHat Dose or Extract ror RasBits. 


: | Dose per kilo- 
Experiment | Aviat ngams. | ‘ingrama” | 64m of Anima Result 
40 2180 0:00218 0-001 Recovery. Severe effects. 
41 2290 0:00229 =| 0-001 Recovery. Severe effects. 
42 1830 0-002 | 0:0011 Recovery. Severe effects. 
43 1800 000216 | 0-0012 Death in 1 hour. 
44 2950 0:0059 0:002 Death in 4 minutes. 


From the foregoing Tables, it appears that, when the extract is injected into the 
subcutaneous tissues, the minimum-lethal dose per kilogram is in frogs about 0°0035 
gram; in rats, about 0°3 gram; in rabbits, about 0°0015 gram; and in cats, about 
0002 gram.* 

In rabbits, the intravenous minimum-lethal dose is about 0°0012 gram per kilogram. 

With reference to the subcutaneous administration of the extract, in general terms 
rabbits and cats are equally susceptible, frogs are twice as resistant as, and rats 200 
times more resistant than, rabbits. 

A detailed account of several of the experiments in the Tables is given below to 
illustrate the symptoms produced by large non-lethal and by lethal doses. { 


B. GENERAL EFFECTS. 


(a) Experiments on Cold-blooded Animals.—Frogs. 


Hapervment VII.—Into the dorsal lymph-sac of a male frog (Rana esculenta) 
weighing 33 grams, 0'0001089 gram of extract, dissolved in Ringer’s solution, was 
injected (equivalent to 00033 gram per kilogram, or 14 of minimum-lethal dose). Before 
the injection the throat and flank respirations were regular and at the rate of 20 per 10 
seconds ; the nose reflex, conjunctival reflex and sacral reflex were acute. During 45 
minutes succeeding the injection, no symptoms appeared. In 1 hour 35 minutes, the 
throat respirations were 25 per 10 seconds, and irregular in amplitude; the flank 
respirations were 16 per 10 seconds and irregular in time; the flanks were distended ; 
the frog jumped well and would now remain on its back; and the cardiac impacts were 
6 per 10 seconds. In 3 hours 45 minutes, the throat and flank respirations were 23 per 
10 seconds, regular and shallow ; the nose, conjunctival and sacral reflexes were acute ; 
the frog’s head and throat rested on the floor of the tray; its limbs were flexed ; it 
could jump well, but landed clumsily, and remained when placed on its back ; the flanks 


* The extract of S. sarmentosus used in these experiments is thus shown to possess only one-fifth of the lethal 
power in frogs and one-half in rabbits of the similarly prepared extract of S. hispidus which was used in the experi- 
ments with the latter substance made by one of us (Trans. R.S.E., vols. xxxv. and xxxvi., 1890 and 1891). 

+ In this and in the other sections of the investigation, several other experiments were made, which gave results 
concording with those in the experiments that have been recorded. 
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were distended and the pupils large; and the cardiac impacts were 6 per 10 seconds, 
regular and shallow. In 5 hours 27 minutes, the throat respirations were 23 per 10 
seconds ; the flank respirations were not visible unless the frog was disturbed ; the 
three reflexes previously referred to were acute; the muzzle rested on the floor of tray ; 
the limbs were loosely flexed ; the frog could not jump well, the left anterior extremity 
appeared to be powerless ; the pupils were widely dilated; and the animal remained on 
its back without any effort to recover the prone position, but when the abdomen was 
stroked, the prone position was rapidly resumed. 

Nineteen hours after the injection, the throat respirations were 22 per 10 seconds; there 
were no visible flank respirations while the frog was undisturbed ; the nose reflex was 
dull, the conjunctival reflex almost gone, but the sacral reflex was acute; when the 
point of a blunt needle was lightly drawn across the ocular conjunctiva the frog breathed 
more deeply and moved feebly, but there was almost no movement of the eyelids; the 
pupils were dilated and the limbs flexed ; when the posterior extremities were passively 
extended, there was feeble twitching of the toes, but the limbs were not drawn up, even 
on pressing the toes ; when the frog was laid on its back, the only movements resulting 
were slight tremors of the toes, and, when the abdomen was stroked, contraction of the 
muscles of the abdominal wall occurred ; the cardiac impacts were very distinct, and 8 
per 10 seconds; and the flanks were much distended. The frog now weighed 33 grams., 
Twenty-four hours after injection, the conjunctival reflex was absent, and the condition 
of the muscular system as last noted. 

Twenty-seven hours after the mjection, the frog was lying flaccid; the conjunctival 
reflex was present but sluggish; the nose reflex and the sacral reflex were acute ; if one 
of the posterior extremities was extended passively it was drawn up again, but only 
after several efforts; and the voluntary movements of the hind-limbs were feeble, and 
accompanied by twitching of the toes. 

Two days after the injection, the throat and flank respirations were 20 per 10 
seconds and regular; the conjunctival reflex was acute; the abdomen and flanks were 
much distended; and the frog could jump, but not well, and at each effort some urine 
was ejected. Afterwards, the flanks became less distended, and the animal recovered 
the prone position rapidly when laid on the back. It now weighed 32 grams. 

On the following day, the only symptoms were slight distension of the flanks and a 
failure to jump as high as before the injection. The frog weighed 31 grams. 

Four days after the injection, the frog weighed 33 grams, and seemed in normal 
health. 

The laboratory temperature was 57° F. 

Experiment XI.—0°000084 gram of extract dissolved in Ringer’s solution was injected 
into the dorsal lymph-sae of a male frog (Rana temporaria) weighing 24 grams ( = 0°0035 
gram per kilogram, or the minimum-lethal dose). Before the injection, the throat and 
flank respirations were 28 per 10 seconds and regular in time ; the nose, conjunctival and 
sacral reflexes were acute; and the posture was normal and the anima] jumped well. 
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Thirty minutes after the injection, the thorax was raised off the tray and the anterior 
extremities were fully extended. One hour after the injection, the throat respirations 
were 18 per 10 seconds and regular, while the flank respirations were 8 per 10 seconds, 
and irregular in time and feeble; the thorax was raised off the tray, with the fore-limbs 
partly extended and widely abducted; and the flanks were more distended than 
previously. 

In 1 hour 25 minutes, the throat respirations were 19 per 10 seconds, and the flank 
respirations 10 per 10 seconds ; the general attitude of the animal was as last noted ; 
and the flanks became more and more distended with each flank respiration, and, when 
considerably distended in this way, they became flattened completely during a single 
expiration. 

Five hours after the injection, the throat respirations were 20 per 10 seconds, feeble 
and irregular, no flank respirations were visible and the flanks were permanently 
distended ; the nose and conjunctival reflexes were acute, but the sacral reflex was less 
acute ; the fore-limbs were flexed and slightly abducted ; the muzzle and throat were 
raised off the tray and the thorax partly raised off; and the frog jumped well and 
would not remain on the back. 

Nine hours after the injection, spontaneous active voluntary movements took place. 
In 10 hours 30 minutes after the injection, the frog was quite motionless and flaccid, 
and the pupils were contracted. When the heart was exposed, it was found to be 
motionless and inexcitable, with the auricles large and dark and the ventricle small and 
pale ; and a section of the ventricle gave an acid reaction to litmus paper. 

Twenty-four hours after the injection, the muscles of the upper part of the body, to 
the level of the anterior extremities, were in rigor ; and stimulation of any part of the 
surface with the secondary coil of a Du Bois Reymond’s apparatus at zero, and a single 
bichromate cell in the primary circuit, gave no response. Stimulation of the exposed 
sciatic or direct stimulation of the muscles themselves with the secondary coil at zero 
also elicited no response. The temperature of the laboratory during this experiment 
was 56° F. 

Expermment X V.—0'00017 gram of extract was injected into the dorsal lymph-sac 
of a male frog (Rana esculenta) weighing 34 grams (equivalent to 0°005 gram per 
kilogram, or 7,° of the minimum-lethal dose). Before the injection, the throat and 
flank respirations were 20 per 10 seconds and regular in time. 

Fifteen minutes after the injection, the throat and flank respirations were 24 per 
10 seconds. In 30 minutes after the injection, the throat and flank respirations were 
26 per 10 seconds, and the thorax rested on the tray and all four limbs were flexed. 
In 50 minutes after the injection, the flank respirations were irregular in amplitude, 
the nose and sacral reflexes were increased, the thorax was raised off the tray, and the 
anterior extremities were extended. One hour after the injection, the throat respira- 
tions were 8 per 10 seconds and regular, and the flank respirations were 8 per 10 
seconds and irregular in amplitude. In 1 hour 12 minutes after the injection, the throat 
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respirations were 11 per 10 seconds, irregular in time and amplitude, and the flank 
respirations were 3 per 10 seconds and deep ; and the nose reflex was dull, the conjunctival 
reflex almost gone and the sacral reflex absent. The frog would now remain quietly 
on its back for 10 seconds ; it jumped feebly and clumsily ; and the pupils, which were 
dilated before the injection, were now contracted. . 

In 1 hour 30 minutes after the injection, there were no throat or flank respirations 
seen in 60 seconds, but occasionally a single throat respiration occurred at longer 
intervals ; the conjunctival reflex was almost absent ; the thorax was raised off the tray, 
the fore-limbs being extended and parallel; the frog jumped with difhculty ; and when 
the posterior extremities were extended passively, they were not drawn up, and when 
laid on its back the frog made no effort to recover. One hour 40 minutes after the 
injection, examination of the web under the microscope showed that the circulation 
had ceased. One hour 50 minutes after the injection, the heart was exposed. It was 
motionless; the auricles were large and dark; the ventricle was moderately contracted but 
not very pale, and none of the heart’s chambers responded to mechanical or electrical 
stimulation. When the skin of the abdomen was pinched, there followed a general con- 
traction of the muscles of the abdomen and posterior extremities. 


(b) Expervments on Warm-blooded Animals. 


(1) Rats. 


Expervment XIX.—0:041 gram of extract was injected subcutaneously into the 
left flank of a male rat of the weight of 205 grams (equivalent to 0°2 gram per 
kilogram, or 3 of minimum-lethal dose). Before the injection, the respirations were 27 
per 10 seconds and regular; and the animal was alert. One hour 40 minutes after 
the injection, the respirations were 27 per 10 seconds, regular, heaving and of greater 
amplitude ; and the rat was drowsy and lethargic, and when disturbed, its movements 
were unsteady. 

In 5 hours after the injection, the respirations were 25 per 10 seconds, regular and 
heaving ; the cardiac impacts could not be felt, and when the animal moved about the 
tray its gait was unsteady, and there appeared to be general muscular tremors 
accompanying voluntary movements. In 22 hours after the injection, the respirations 
were 27 per 10 seconds, regular and slightly heaving in character, and the rat was 
sitting quietiy in a corner and showed no signs of uneasiness, but when disturbed, he 
ran well and seemed mentally alert. 

Twenty-four hours after the injection, the respirations were 40 per 60 seconds, and 
irregular in time ; and at regular intervals there occurred sudden respiratory spasms, 
during which the thorax was fixed and the head was jerked forwards in an abrupt manner 
—a condition which lasted for about three minutes, after which the rat sat quietly in 
the tray. 
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Two days after the injection, the rat was quite bright and active. On the third 
day after the injection, the respirations were 24 per 10 seconds, the rat was active and 
mentally alert when disturbed, but at other times it slept much. It now weighed 
200 grams. 

No further symptoms were manifested. The temperature of the laboratory was 
54°F. during this experiment. 

Experiment X XII.—0:0975 gram of extract was injected subcutaneously into the 
left flank of a female rat, of the weight of 130 grams (=0°75 gram per kilogram, 
or 2°5 times the minimum-lethal dose). Before the injection, the respirations were 
18 per 10 seconds and regular, and the rat sat quietly in a corner of the tray. In 
5 minutes after the injection, the rat ran round the tray, dragging its hind-limbs along 
in the extended position; the left hind-limb seemed paralysed ; thereafter the rat sat 
down, and the posterior part of the body and the hind-limbs trembled violently for a 
short time. During the next two hours no symptoms were manifested. 

In 2 hours 10 minutes after the injection, the respirations were 15 per 10 seconds 
and regular, and the rat sat quietly. In 2 hours 35 minutes after the injection, the 
respirations were 16 per 10 seconds, slightly irregular in time, and the head moved 
gently with respiration; the eyes were closed; occasionally the head trembled 
violently ; and when disturbed, the rat seemed dull, but it was able to run well. 

In 3 hours 45 minutes after the injection, the respirations were 14 per 10 seconds, 
slightly irregular in time, and the rat was sleeping. In 5 hours 50 minutes after the 
injection, the respirations were 16 per 10 seconds, noisy and regular; the rat was still 
sleeping and showed no signs of uneasiness; when disturbed, it ran round the tray as 
if feeling rather than seeing its way ; and it was unsteady in its movements, and when 
running it sometimes fell over on to the left hip. 

In 22 hours 40 minutes after the injection, the respirations were 16 per 10 seconds, 
but sometimes the respiratory movement of the thorax was replaced by a rapid forward 
movement of the head, which would occur three or four times in succession rhythmically 
with the respirations ; and the rat was sitting drowsily in a corner with the eyes closed, 
but when disturbed it ran about actively. In 26 hours 10 minutes after the injection, 
the respirations were regular at the rate of 26 per 10 seconds, and the rat was asleep 
placidly. 

In 46 hours 40 minutes after the injection, the respirations were 21 per 10 seconds 
and slightly irregular in time; and there was no evidence of discomfort. Fifty hours 
40 minutes after the injection, the rat became very restless, sprang to the roof of its box 
and gnawed the wire-netting ; this was repeated several times, and finally the rat sat on 
the floor of the box breathing heavily. In 51 hours 40 minutes after the injection, 
the respirations were 6 per 10 seconds, and both inspiration and expiration were 
accompanied with loud wheezing ; and the rat sat with the eyes closed. In 58 hours 40 
minutes after the injection, the respirations were 7 per 10 seconds, and were still 
accompanied with noisy wheezing ; expiration was much longer than inspiration; the 
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cardiac impacts were strong, regular, and numbered about 36 per 10 seconds; and 
voluntary movements were accompanied by well-marked tremors. Seventy-eight hours 
after the injection, the rat was found dead and general vigor mortis was present. 
When the thorax was opened, the lungs appeared to be quite healthy, the ventricles 
of the heart were firmly contracted, and the auricles were dark and distended and 
contained clotted blood; the liver was healthy; the stomach contained food; the 
cecum and large intestine were greatly distended with gas, and contained no 
solid matter. ‘The animal now weighed 120 grams. The laboratory temperature 
was 50° F. 

Experiment X XIII.—0'27 gram of extract was injected subcutaneously into the 
left flank of a male rat weighing 180 grams (=1°5 eu per kilogram, or 5 times the 
minimum-lethal dose). 

Before the injection, the respirations were 18 per 10 seconds and regular. One 
hour 30 minutes after the injection, the respirations were 22 per 10 seconds, regular 
but heaving in character; the rat sat with the head lowered and the eyes almost closed, 
and when disturbed it was not active ; and the cardiac impacts were masked by the heaving 
respirations. ‘T'wo hours after the injection, the respirations were 20 per 10 seconds 
and there was much movement of the head and shoulders with respiration. ‘Two hours 
50 minutes after the injection, the rat became suddenly restless and tried to climb over 
the edge of the tray. In 2 hours 55 minutes, the respirations were 18 per 10 seconds 
and very laboured and heaving, and the eyes were completely closed. In 3 hours 35 
minutes, the respirations were 18 per 10 seconds and expiration was prolonged and 
accompanied by a hissing sound apparently produced in the nostrils, and occasionally 
expiration was suddenly arrested for about five seconds. The rat was now lying with 
the nose, mouth and thorax resting on the floor. In 3 hours 45 minutes after the 
injection, the rat began to move about, but the head moved unsteadily and clonic 
spasms occurred. It soon afterwards fell on the side and then walked with much 
difficulty, dragging the thorax and abdomen along the floor. In 4 hours 12 minutes | 
after the injection, the respirations were 18 per 10 seconds and laboured; the muzzle, 
throat, thorax and abdomen were on the tray, and when the head was raised it trembled 
violently. In 4 hours 35 minutes after the injection the respirations were 6 per 10 
seconds, deep and heaving. In 4 hours 58 minutes after the injection, several general 
convulsions occurred and the animal died. 


(2) Rabbits. 

Expervment XX VITI.—0:00187 gram of extract was injected subcutaneously into 
the left flank of a doe rabbit whose weight was 1870 grams (=0'001 gram per kilo- 
gram, or 3 of the minimum-lethal dose). Before the injection, the respirations were 30 
and the daltie impacts 35 per 10 seconds and strong, the left pupil measured 5 mm. 
transversely, the conjunctival reflex was acute, and the rectal temperature 38°5° C. In 
30 minutes after the injection, the respirations were 21 per 10 seconds and the cardiac 
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impacts 32 per 10 seconds. In 1 hour after the injection, the respirations were 24 
per 10 seconds and irregular in time; the cardiac impacts were 35 per 10 seconds, less 
distinct and slightly irregular in time; the rectal temperature was 37°5° C.; and fine 
tremors were occurring in the muscles of the neck. In 1 hour 25 minutes after the 
injection, severe dyspnoea occurred, lasting for three minutes, during which the rabbit's 
head was projected forwards, the mouth partly open, the nostrils dilated, and sucking 
noises were made, the thorax appearing to be fixed; and the cardiac impacts were rapid 
and indistinct. In 1 hour 45 minutes, the respirations were 21 per 10 seconds and 
regular; the cardiac impacts were 40 per 10 seconds, slightly irregular and much more 
distinct ; the pupil was unchanged, the conjunctival reflex was acute; and the rabbit sat 
in a normal attitude and ate food. In 2 hours after the injection, the respirations were 
21 per 10 seconds and somewhat irregular in time; the cardiac impacts were 36 per 
10 seconds and markedly irregular in time and force ; the rectal temperature was 38° C. 
In 2 hours 30 minutes, the respirations were 22 per 10 seconds and irregular in time; 
the cardiac impacts were 45 per 10 seconds, strong and slightly irregular in time ; and 
the left pupil measured 6 mm. transversely, the conjunctival reflex was acute, and there 
was no sien of discomfort. In 3 hours after the injection, the respirations were 29 
per 10 seconds and slightly irregular in time; the cardiac impacts were 42 per 10 
seconds, regular and tapping in character; the conjunctival reflex was acute ; the rectal 
temperature 37°5° C. ; feeces had been passed ; and the rabbit was alert, but not rest- 
less. In 3 hours 10 minutes after the injection, the respirations were 21 per 10 seconds, 
and regular; the cardiac impacts were 50 per 10 seconds, feeble but regular; the left 
pupil measured 5 mm. transversely ; and the rabbit was restless, and sat very erect, with 
the head nodding with the respiratory movements. ‘Three hours 30 minutes after the 
injection, the respirations were 18 per 10 seconds and the cardiac impacts were 42 per 10 
seconds, regular and abrupt, and the animal ate food. Four hours 30 minutes after the 
injection, the respirations were 21 per 10 seconds, the cardiac impacts were 39 per 10 
seconds, reeular and easily felt, and the rabbit sat upright with ears erect. Four hours 53 
minutes after the injection, there were tremors of the neck muscles. Five hours after the 
injection, the respirations were 17 per 10 seconds and irregular in time, the cardiac 
impacts were 40 per 10 seconds and irregular in force; the left pupil measured 4 mm. 
transversely and the conjunctival reflex was acute; the rectal temperature was 37°5° C. ; 
and the rabbit sat upright with ears erect and back well arched. Five hours 40 minutes 
after the injection, the respirations were 12 per 10 seconds and regular; the cardiac 
impacts were 38 per 10 seconds and thumping in character ; the transverse measurement 
of the left pupil was 4 mm., the conjunctival reflex was acute ; tremors were present 
in the neck muscles and in those of the cheeks; and occasionally a faint sucking noise 
was made and chewing movements of the lower jaw occurred. Seven hours 30 minutes 
after the injection, the respirations were 14 per 10 seconds and irregular; the cardiac 
impacts were 40 per 10 seconds, regular and easily felt; the rectal temperature was 


| 38°5° C.; and the rabbit was alert. Twenty-four hours 30 minutes after the injection, 
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the respirations were 30 per 10 seconds, the cardiac impacts 41 per 10 seconds and 
easily felt; the left pupil measured 6 mm. transversely ; and the rectal temperature 
was 38° ©. The rabbit weighed 1880 grams and seemed to have quite recovered. 
Experiment XX XVI.—0:0043 gram of extract was injected subcutaneously into 
the left flank of a doe rabbit whose weight was 2150 grams (= 0°002 gram per kilogram, 
or + of the minimum-lethal dose). Before the injection, the respirations were 32 per 
10 seconds and regular; the cardiac impacts were 30 per 10 seconds, regular, but 
not easily felt; the transverse diameter of the left pupil was 7 mm. and the con- 
junctival reflex was acute; and the rectal temperature was 38° C. Ten minutes after 
the injection, the respirations were 30 per 10 seconds and regular; the cardiac impacts 
were 40 per 10 seconds, regular and more easily felt; and the rabbit was restless and 
there were occasional fine tremors in the muscles of the body and limbs. In 20 minutes 
after the injection, the respirations were 35 and the cardiac impacts 34 per 10 seconds; 
the left pupil was unchanged ; the conjunctival reflex was acute; the rectal temperature 
was 37°5°C.; and the rabbit was more alert, but its back was less arched. Thirty minutes 
after the injection, the respirations and cardiac impacts were each 30 per 10 seconds 
and regular; the left pupil measured 8 mm. transversely ; and the conjunctival reflex 
was acute, and the skin reflexes over the posterior part of the trunk and the posterior 
extremities were greatly exaggerated. Thirty-eight minutes after the injection, the 
rabbit was very nervous and the panniculus carnosus muscle contracted over a wide area 
when any sudden movement was made near the animal. Forty minutes after the injec- 
tion, the respirations were 22 and the cardiac impacts were 35 per 10 seconds, and both 
were irregular in time ; and fine muscular tremors occurred in the body and limbs. Fifty 
minutes after the injection, the respirations were 26 per 10 seconds and irregular in 
time, the cardiac impacts were 38 per 10 seconds and irregular in time and in force, 
and the transverse diameter of the left pupil was 8 mm. One hour after the injection, 
the respirations were 29 per 10 seconds and regular, the cardiac impacts were 46 per 10 
seconds, regular and very distinct ; the left pupil measured 7 mm. transversely ; the rectal 
temperature was 37° C.; each respiration was accompanied by an abrupt movement of 
the head ; and the animal did not refuse food. One hour 5 minutes after the injection, 
the respirations were 26 per 10 seconds, and the cardiac impacts 46 per 10 seconds. 
For about 15 seconds, the rabbit sat well back on its haunches with the back very con- 
vex, the ears erect and the head shaking violently ; it pawed the floor with each anterior 
extremity and thereafter it sank forward with the thorax on the tray and the cervical 
portion of the spine very concave. One hour 10 minutes after the injection, the respira- 
tions were 16 per 10 seconds and the cardiac impacts were 46 per 10 seconds, and 
feeble ; the ears were quite erect ; and alternately the head was jerked upwards and then 
sank slowly down. One hour 15 minutes after the injection, the rabbit raised itself on its 
extended fore-legs and arched the spine strongly, a large amount of urine was then freely 
passed, and thereafter it sank down and its head rested on the floor of the tray. One hour 
17 minutes after the injection, the respirations were 4 per 10 seconds, but the cardiac 
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impacts could not be felt. General convulsions occurred and the pupils contracted 
greatly and then rapidly dilated to 10 mm. transversely. One minute later, gasping re- 
spirations occurred and the animal expired, fine tremors occurring at the time of death 
in the muscles of the anterior extremities. One minute after death, the pupils had con- 
tracted to 3 mm. transversely and the conjunctiva had become insensitive. Two minutes 
after death, fine twitches were present in the neck muscles but not elsewhere, and the 
rectal temperature was found to be 37° C. Ten minutes after death, a more powerful 
electrical stimulus was required to cause muscular contraction through the exposed 
sciatic nerve than on direct stimulation of the thigh muscles. Eighteen minutes after 
death, the heart was exposed ; it was motionless, the left ventricle was small, pale and 
hard, the other three chambers were dark and dilated, and the right auricle alone re- 
sponded to local electrical stimulation. Sections of the ventricular and thigh muscles 
were found to be distinctly acid to litmus paper. 

Expervment XXX VII.—0°00462 gram of extract dissolved in Ringer’s solution 
was injected subcutaneously into the left flank of a doe rabbit whose weight was 1540 
grams (=0'003 gram per kilogram, and equivalent to twice the minimum-lethal dose). 
The solution of extract had been kept at a temperature of 100° C. for 30 minutes, and 
then allowed to cool before being injected. 

Before the injection, the respirations were 18 per 10 seconds and regular; the 
cardiac impacts were 35 per 10 seconds, regular but not easily felt; the conjunctival 
reflex was acute ; and the rabbit’s attitude was normal. One hour 30 minutes after the 
injection, the respirations were 18 per 10 seconds, regular and panting, the cardiac 
impacts were 36 per 10 seconds and irregular in time and force; the conjunctival reflex 
was acute, urine and faeces had been passed ; and the ears were erect, but the head drooped 
slightly and moved with respiration. ‘T'wo hours and 10 minutes after the injection, the 
respirations were 25 per 10 seconds and regular: the cardiac impacts were 48 per 
10 seconds and feeble; the conjunctival reflex was acute ; and occasionally the anterior 
extremitiesyielded and glided forwards. Two hours 12 minutes after the injection, violent 
convulsions occurred, some being opisthotonic in character ; the conjunctival reflex was 
absent and the pupils were dilated ; and after a brief pause more convulsions succeeded ; 
and expiration became forced and noisy, and no cardiac impact could be felt. Two hours 
14 minutes after the injection, the rabbit was dead and the pupils had contracted to 1 mm. 
Four minutes after death, the thorax was opened. The thoracic muscles twitched strongly 
while being divided. When the sternum was removed and placed on the tray, the 
muscles attached to it continued to twitch violently for a short time. The exposed 
heat was found to be contracting very feebly and superficially—quite insufficiently to 
maintain the circulation. Eleven minutes after death, the cardiac contractions were 
25 per 10 seconds, very feeble and superficial, the ventricular movement being larger 
than the auricular, but the organ was not engorged, nor was the left ventricle contracted. 
Sixteen minutes after death, the heart was twitching feebly, and peristalsis was active in 
the stomach and intestines. Seventeen minutes after death, the auricles alone continued 
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to twitch. On section at this time of the ventricles, neither cavity was found to be 
contracted, both contained dark fluid blood, and there were no clots in them. The 
abdominal and thoracic organs were healthy. 

Notwithstanding the prolonged subjection to a high temperature, this extract re- 
mained active. There were, however, some modifications in the symptoms which 
appear to indicate that the activity of the extract was lessened, and this is supported 
by the fact that death supervened at a considerably longer time after the administration 
than occurs with equal or even considerably smaller lethal doses of the unheated 
extract. ‘Ihe exposure to a high temperature, which occurs in the preparation of the 
native arrow-poison, therefore, probably lessens the lethal activity of the products of 
S. sarmentosus seeds that enter into its composition. 


(3) Cats. 


In experiments upon cats, the observations are necessarily incomplete owing to the 
restlessness and irritability developed in these animals. The general symptoms that 
were observed are illustrated in the following experiment. 

Experiment XX XIX.—0'00446 gram of extract was injected subcutaneously into 
the left flank of a male cat, weighing 2230 grams (=0°'002 gram per kilogram, and 
equivalent to the minimum-lethal dose). Before the injection, the respirations were 
12 per 10 seconds and regular, and the pupils were semi-contracted. Five minutes after 
the injection, the cat was restless and frequently licked the site of injection. Twelve 
minutes after the injection, the respirations were 14 per 10 seconds and regular, and 
the cat was still restless. Fifteen minutes after the injection, feeces were passed. Twenty 
minutes after the injection, the cat was licking its lips and mewing ; and immediately 
after this it was very sick and vomited a large amount of dark brown semi-solid matter. 
Twenty-one minutes after the injection, vomiting again occurred, the vomited matter 
being dark brown and more fluid. Twenty-two minutes after the injection, the cat 
retched about a dozen times, and then vomited a small quantity of dark brown fluid 
matter. Twenty-five minutes after the injection, the respirations appeared to be 8 per 
10 seconds, deep and irregular in time; the cat retched 9 times and then vomited a 
small quantity of dark brown fluid. Twenty-nine minutes after the injection, the cat 
retched but did not vomit. Thirty-two minutes after the injection, the cat vomited 
clear frothy fluid after retching for some time, and this was repeated 35 minutes after 
injection. Retching occurred and clear frothy fluid was vomited 39, 45 and 55 minutes 
after injection. One hour after the injection, the respirations were 6 per 10 seconds, 
the cardiac impacts appeared to be 38 per 10 seconds and regular, and the thorax 
and abdomen rested on the floor. One hour 5 minutes after the injection, the cat 
was lying on the right side. One hour 10 minutes after the injection, the animal was 
still on the right side, and retched frequently ; and the respirations varied from 6 to 20 
per 10 seconds. One hour 12 minutes after the injection, the pupils dilated widely ; 
the conjunctiva became inseusitive ; a single gasping respiration occurred, no cardiac 
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impact could be felt; and death occurred, and on its occurrence muscular twitches 
took place at the shoulders. Three minutes after death, the exposed heart was found 
to be motionless, the left ventricle being small, the right ventricle large and dark ; 
the left auricle small and of a bright red colour, and the right auricle large and dark. 
In response to mechanical stimulation of the ventricles, all the heart’s chambers gave 
several feeble twitches. A section of the ventricular muscle was found to be acid to 
litmus paper, as also were sections of the thigh muscles. There were active vermicular 
movements of the intestines. 


Intravenous Injection.—Rabbits. 


The following experiment illustrates the effects produced in rabbits when the extract 
is injected into a vein. 

Experiment XLIV.—0:0059 gram of extract was injected into the marginal vein 
of the left ear of a doe rabbit whose weight was 2950 grams (=0'002 gram per 
kilogram, equivalent to 3 of the intravenous minimum-lethal dose). Before the 
injection, the respirations were 23 per 10 seconds, and the cardiac impacts were 28 per 
10 seconds, the conjunctival reflex was acute, and the transverse diameter of the left 
pupil was6 mm. One minute after the injection, coarse chewing movements of the jaws 
occurred and the rabbit was very restless. ‘Two minutes after the injection, the head 
was protruded forwards and inspiration consisted of a prolonged sucking movement of 
the mouth, during which the cheeks were indrawn and the thorax apparently did not 
expand. Three minutes after the injection, no cardiac impact could be felt. Four minutes 
after the injection, general convulsions occurred, the pupils became dilated and in- 
sensitive, the mouth opened widely and air was inspired with a loud sueking noise, and 
death occurred. Two minutes after death, the eyes became pallid and the pupils contracted 
rapidly, so that at 4 minutes after death, they were contracted to pin-point size. Five 
minutes after death, the heart was exposed ; it was motionless and did not respond to 
mechanical stimulation. All the chambers were of moderate size, but the left ventricle 
was smaller than the right; the right side of the heart contained dark-coloured fluid 
blood and the left side bright red fluid blood; and there was no evidence of air 
embolism. Thirteen minutes after death, the cut surface of the left ventricle was 
distinctly acid to litmus paper. 


Summary of General Effects in Frogs. 


From the foregoing experiments on frogs, it appears that the subcutaneous injection 
of a moderately large lethal dose of the extract (sufficient to cause death within four 
hours) produces the following effects both in Rana temporaria and in R. esculenta :— 
Soon after the injection, the thoracic extremities are abnormally extended and in most 
cases adducted ; the frog's head is held very high, and reflex movements may be per- 
formed more actively. The respiratory movements are usually slowed, and they become 
regular; the flank respirations are more distinctly affected than those of the throat ; 
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the flanks become alternately distended by several inspirations and then flaccid with a 
single expiration; and respiratory movements of the throat occur after those of the 
flanks have ceased, and can be observed when no cardiac impact is visible. Signs of 
muscular weakness are soon manifest, all the extremities become loosely flexed, the 
thorax and abdomen rest on the surface of the tray and the muzzle sinks down. When 
this weakness first appears, jumping can still be performed fairly well, and the frog 
recovers the prone position rapidly when placed on the back. Subsequently, jumping 
is effected with difficulty and the frog is unable to raise its body completely off the 
surface of the table, and it makes no visible spontaneous effort to recover the prone 
position when lying placed on the back. Reflex movements may still be obtained, but 
the reflexes are less acute. Careful examination of the precordia does not reveal any 
cardiac impact, and, if the thorax be opened, the heart is usually found to be motionless, 
the ventricle is pale and small and does not respond to mechanical stimulation, the 
auricles are usually very large and dark, and they may be quite motionless or feebly 
contracting upon their contents, but their movements fail to produce any visible change 
in the condition of the ventricle. Soon afterwards, the heart is found to be motionless, 
pale and small, its contractility quickly disappears and the ventricular muscle gives an 
acid reaction when tested with litmus paper. The conjunctival reflex may be present 
after the heart has ceased to contract, and the pupils are at that time of small size. 
The skeletal muscles are contractile for a short time after death, but become acid in 
reaction soon after the heart muscle, and general rigor very soon sets in and is well 
marked, especially in the anterior extremities and the anterior parts of the trunk. 


Summary of General Effects in Rats. 


As already indicated, rats are peculiarly resistant against even large subcutaneous 
injections of the extract. When the dose is suchas is sufficient to cause death in four 
hours, restless movements occur at first, and recur at considerable intervals, and between 
them drowsiness and inactivity are manifested. The respirations become slower, more 
deep, and laboured and heaving in character, and expiration is more prolonged than inspira- 
tion and is often interrupted. In some cases (Experiments XIX. and XXIII.), sudden 
interruptions of expiration occur in the course of the experiment, and the thorax appears 
to be fixed during attacks of dyspnoea. These symptoms may be compared with the 
ballooning of the flanks in frogs. Signs of muscular weakness develop early, and the rat 
becomes unable to climb up the side of the tray, its muzzle rests on the surface of the 
tray and, when the animal moves, it drags its hind-limbs ; still later, voluntary move- 
ments become more impaired and are accompanied with clonic spasms; and, finally, the 
animal becomes paralysed, general convulsions occurring immediately before death. 


Summary of General Effects in Rabbits. 


When a dose sufficient to cause death within four hours is given subcutaneously to 
a rabbit, the first change usually observed is a temporary flattening of the back, which 
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takes place within a few minutes after the administration and may be repeated several 
times afterwards. Restless movements also occur early, and the rabbit seems to become 
more alert. The respiratory movements soon become irregular, and although their 
rate is not distinctly affected, their type becomes abdominal. Spasmodic interruptions 
of inspiration occasionally occur. Muscular weakness is displayed ; at first the anterior 
extremities yield, but the rabbit can yet recover its position; later, the thorax 
rests continuously on the floor; then the head begins to sink forward, at first 
for brief periods only, but, afterwards, the muzzle rests continuously on the 
tray and the back loses its convexity. Still later, the side of the head rests 
on the tray and the rabbit falls over on to one side, and, finally, the animal 
lies quietly extended on the side, breathing as if after exertion. Meantime the 
eardiac impacts have been altering in character; at first their rate is increased, the area 
over which the impact is felt becomes larger and the force of the impact greater ; 
later, the impacts become irregular in time and force, and as the irregularity becomes 
more marked, they become very feeble, until finally they are impalpable. ‘Thereafter, 
general muscular spasms occur, and in some cases are very violent; the pupils, which 
have previously contracted slightly, now dilate rapidly, and the surface of the eyeballs 
becomes insensitive ; and urine may be expelled during the spasms before death occurs. 
After death, the pupils rapidly contract and then slowly dilate. If the heart be at once 
exposed, it may be found to be contracting feebly or to be quite motionless ; and it may 
still respond imperfectly to mechanical stimulation. The left ventricle may be firmly 
contracted and pale, in which case the right ventricle is softer and much larger, while 
the auricles are both large and dark. The ventricular muscle is acid in reaction to litmus 
paper soon after death. The skeletal muscles respond to electrical stimulation if tested 
immediately after death, and sometimes the response is better to direct stimulation than 
to stimulation through their nerves. The skeletal muscles become acid to litmus soon 
after the heart muscle. Only in one rabbit was an excessive salivary secretion 
noticed, and in a few experiments slight muscular twitchings were seen in the muscles 
of the neck and cheek. Feces and urine were not passed in the majority of the 
experiments. The rectal temperature was not materially affected till about the time 
of death, when it fell rapidly. 


Summary of General Effects in Cats. 


With similar lethal doses, cats display almost the same symptoms as rabbits. The 
condition of the heart after death and the reaction of the heart and skeletal muscles to 
litmus paper are the same. The respirations appear to be slowed, but a symptom which 
is very marked in cats, with sub-lethal as with lethal doses, makes it difficult to observe 
the effects of the poison on the respiration and the circulation. This symptom is 
vomiting. It appears soon after the injection. In fatal cases, it continues almost 
without interruption until death supervenes, and in non-fatal cases until a short time 
before the total disappearance of symptoms. 
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From the foregoing experiments, it is evident that S. sarmentosus acts upon 
the cardiac and the skeletal muscles; there is also some evidence of an action upon 
respiration and upon parts of the cerebro-spinal nervous system. In only one case 
was an increase of salivary secretion observed, and it is noteworthy that fibrillary 
twitches of the skeletal and cardiac muscles are not conspicuous symptoms in poisoning 
with this species of Strophanthus. Gaping movements of the mouth and rubbing of the 
mouth with the anterior extremities were not observed in the experiments on the general 
effects, but such movements did occur in other experiments where about fifteen times 
the minimum-lethal dose was administered subcutaneously. 


C. ACTION ON THE CEREBRO-SPINAL NERVOUS SYSTEM. 


(a) Brean and Spinal Cord. 


In the experiments performed to determine the general effects of S. sarmentosus 
in frogs, rats, rabbits and cats, restlessness and, in many cases, an increase of 
alertness are evinced a short time after the administration, and, still later, the 
general condition of the animal is one of quietude, while in rats there occurs distinct 
drowsiness. In cats, vomiting, which is a conspicuous symptom, does not begin 
until twenty or more minutes after subcutaneous injection. No experiments, however, 
were made with the object of ascertaining how far these and other symptoms might 
be due to a direct action on the brain. 

In experiments performed to ascertain the action of the extract on the spinal cord, 
the brain of a frog was destroyed anteriorly to a line joining the posterior margins of 
the palpebral apertures, and thereafter the iliac, femoral and epigastrico-vesical (HcKER) 
arteries of one posterior extremity were ligatured. The arrest of the circulation was 
ascertained by examining the web under the microscope. For electrical stimulation, 
a Du Bois Reymond’s apparatus and a single bichromate cell were used. With the 
secondary coil at 120 mm., the current was just felt on placing the electrodes on the 
tip of the tongue. 

When a dose of the extract not much exceeding the minimum-lethal dose was 
administered subcutaneously, the effects on the nervous system were found to be too 
slight to admit of accurate observations being made. Much larger doses were there- 
fore given. 

Experiment XILV.—Half an hour before the injection of 0°003 gram of extract 
subcutaneously into the left flank of a male frog (Rana esculenta) weighing 60 grams 
(= 0°05 gram per kilogram, or fourteen times the minimum-lethal dose), the vessels of the 
right posterior extremity were ligatured, and both sciatic nerves were exposed. The 
reflexes were found to be active, and the frog jumped well when irritated. Ten minutes 
after the injection, stimulation of the web of either foot with the secondary coil at 120 mm. 
caused the irritated foot to be slowly drawn away, and stimulation over the spinal cord 
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just above the urostyle, with the secondary coil at 100 mm., caused the frog to jump. 
Twenty minutes after the injection, the attitude of the frog was still normal; the right 
(protected) foot was withdrawn when its web was stimulated with the secondary coil 
at 60 mm., and the left (unprotected) foot was withdrawn when its web was stimulated 
at 100 mm.; and the frog jumped away when the skin over the cord, just above 
the proximal end of the urostyle, was stimulated with the coil at 80 mm. ‘Twenty-five 
minutes after the injection, the heart was exposed and was seen to be completcly 
motionless, with the ventricle in systole. Thirty minutes after the injection, the frog 
was lying flaccidly on the thorax and abdomen; stimulation of the right (protected) 
web with the secondary coil at 60 mm., and stimulation of the unprotected left web 
at 120 mm., caused crossed reflexes; and both posterior extremities were rapidly and 
fully extended when the skin over the spinal cord just above the proximal end of the 
urostyle was stimulated with the secondary coil at 80 mm. Thirty-five minutes after 
the injection, direct stimulation of the right (protected) sciatic with the secondary coil 
at 370 mm. caused a contraction of the right gastrocnemius, and stimulation of the 
left (unprotected) sciatic at 370 mm. caused a similar contraction of the left gastro- 
enemius. Forty-five minutes after the injection, stimulation of the skin just above 
the proximal end of the urostyle and over the spinal cord with the secondary coil at 
110 mm. caused rapid extension of both posterior extremities, the left (unprotected) 
being more forcibly extended than the right. Fifty minutes after the injection, similar 
contractions of their respective gastrocnemii were obtained by direct stimulation of the 
right (protected) sciatic with the secondary coil at 480 mm., and of the left (unpro- 
tected) sciatic at 410 mm., and a crossed reflex was obtained on stimulating the right 
sciatic at 350 mm. and the left sciatic at 300 mm. Fifty-five minutes after the 
injection, no reflex could be obtained by the stimulation of either foot with the 
secondary coil at zero, while stimulation over the lower part of the spinal cord at 
70 mm. caused rapid extension of both limbs, and at 80 mm. caused slight extension 
of the left (unprotected) limb only. Two hours after injection galvanic stimulation of 
either foot with the secondary coil at zero produced no reflex; on stimulation over the 
spinal cord just above the urostyle with the secondary coil at 80 mm., both gastro- 
cnemii moved slightly ; and at zero mm., a more distinct contraction of the gastrocnemii 
occurred, but no movement of the limbs resulted in either instance. Two hours 5 minutes 
after the injection, similar contractions of the gastrocnemii were elicited by stimulating 
the right sciatic nerve at 330 mm. and the left sciatic nerve at 370 mm., but no reflex 
movements were produced on stimulating either sciatic directly with the secondary 
coil at zero. Two hours 50 minutes after the injection, no movements of any kind 
resulted from galvanic stimulation of either foot at zero, or of the skin over the spinal 
cord at zero. Three hours after injection, equal movements of their respective 
gastrocnemii were produced by galvanic stimulation of the right sciatic nerve with the 
secondary coil at 120 mm. and of the left sciatic nerve at 140 mm.,'and at this time 
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those of the left (unprotected) thigh were strongly acid. Three hours 15 minutes after 
injection, galvanic stimulation of the right (protected) sciatic nerve with the secondary 
coil at 100 mm. caused a contraction of the right gastrocnemius, whereas galvanic 
stimulation of the left (unprotected) sciatic nerve at zero caused no movement of its 
gastrocnemius. Three hours 18 minutes after injection, the gastrocnemii were exposed ; 
the right (protected) gastrocnemius was of a reddish colour; the left was quite pale and 
firmer than the right. Three hours 20 minutes after injection, the right (protected) 
gastrocnemius contracted when directly stimulated with the secondary coil at 100 mm., 
while the left (unprotected) gastrocnemius did not contract when directly stimulated 
with the secondary coil at zero. Three hours 45 minutes after the injection, galvanic 
stimulation of the right (protected) sciatic nerve with the secondary coil at 80 mm. 
caused a contraction of the right gastrocnemius, while galvanic stimulation of the left 
(unprotected) sciatic nerve even at zero caused no movement of its gastrocnemius ; 
and when directly stimulated, the right (protected) gastrocnemius contracted with the 
secondary coil at 30 mm., but the left (unprotected) gastrocnemius did not contract 
even with the secondary coil at zero. Nine hours 45 minutes after the injection, 
galvanic stimulation of either sciatic nerve or of either gastrocnemius at zero gave no 
result ; sections of both gastrocnemii were very acid to litmus, and there was general 
rigor present throughout the body, though least marked in the right (protected) limb. 

In this and other similar experiments, the spinal reflex disappeared within 1 hour 
after the injection of the extract, both in the protected and in the unprotected sides. 
In the above experiment, the heart’s ventricle was finally paralysed 30 minutes before 
the spinal reflex had disappeared: Experiments in which the heart’s movements and 
the blood circulation are stopped by ligaturing the base of the heart, show that the 
reflex function of the spinal cord persists for at least 25 hours after complete arrest 
of the heart. It seems probable, therefore, that the relatively early disappearance of 
the spinal reflex is due to a direct action of S. sarmentosus on the cord itself. 
The conductivity of the motor nerves is not destroyed until several hours after 
the administration of the extract. Three hours after the injection, a cut surface of 
the muscles of the unprotected thigh was strongly acid, whereas a section of the 
muscles of the protected thigh was only feebly acid in reaction. 


(b) Sensory Nerves. 


In order to investigate the effects of the extract on afferent nerves, large frogs 
(Rana esculenta) were used. Their brains were destroyed down to the level of a line 
joining the posterior margins of the eyelids, and the experiments consisted in observing 
after what interval of time the pelvic extremities were withdrawn from a solution 
of 1 in 500 sulphuric acid in water—before and after the immersion of one foot in a 
solution of the extract of S. sarmentosus. Immediately on withdrawal the foot was 
washed. Unless otherwise stated, the limbs were in every case immersed in the acid 
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solution up to the same point, viz. the level of the ankle-joint, and the left foot was 
placed in the acid after the right had been withdrawn. The following experiment 
illustrates the results obtained :— 

Experiment XLVI.—S. sarmentosus extract, 1 in 500. 

The left foot of a large frog was immersed for 5 minutes in a solution of the 
extract in distilled water, 1 part in 500, to a point just above the level of the ankle- 
joint; and during the same time, the right foot was placed in distilled water to the 
same level. Before immersion, the time which elapsed before withdrawal of either foot 
from the acid was 5 seconds. This was tested on several occasions. One minute after 
the immersion, the unpoisoned foot was withdrawn in 8 seconds and the poisoned foot 
in 7 seconds; 8 minutes after immersion, the unpoisoned foot was withdrawn in 17 
seconds and the poisoned one in 7 seconds; 20 minutes after the immersion, the 
unpoisoned foot was withdrawn in 15 seconds and the poisoned foot in 9 seconds. The 
left foot was again immersed in the poison, this time for 10 minutes, the right foot 
being meantime retained in distilled water. One minute after this immersion, the 
unpoisoned foot was withdrawn from the acid solution in 22 seconds and the poisoned 
in 18 seconds. Six minutes after immersion, the unpoisoned foot was withdrawn in 16 
seconds and the poisoned foot in 18 seconds; 1 hour 40 minutes after the immersion, 
the unpoisoned foot was withdrawn in 23 seconds and the poisoned one in 26 seconds. 
The left foot was again immersed in the poison, this time for 30 minutes; and meantime 
the right foot was kept in distilled water. Three minutes after this immersion, the 
unpoisoned foot was withdrawn from the acid solution in 20 seconds and the poisoned 
foot in 47 seconds; 10 minutes after the immersion, the unpoisoned foot was withdrawn 
in 15 seconds and the poisoned foot was not withdrawn in 2 minutes; 25 minutes after 
the immersion, the unpoisoned foot was withdrawn in 15 seconds and the poisoned one 
was not withdrawn in 3 minutes; 30 minutes after the immersion, the unpoisoned foot 
was withdrawn in 10 seconds, whereas the poisoned foot was not withdrawn in 
5 minutes. In the next observation, 40 minutes after the last immersion, the poisoned 
foot was purposely placed in the acid solution to a point above the level of the contact 
with the poison ; it was withdrawn in 28 seconds, while the unpoisoned foot was with- 
drawn in 17 seconds; 50 minutes after the immersion, the unpoisoned foot was withdrawn 
in 18 seconds and the poisoned foot in 60 seconds—only the poisoned portion was in 
contact with the acid solution ; 55 minutes after the immersion, the unpoisoned foot was 
withdrawn in 16 seconds and the poisoned one in 80 seconds; 70 minutes after the 
immersion, the unpoisoned foot was withdrawn in 15 seconds and the poisoned foot 
in 25 seconds; 90 minutes after the immersion, the unpoisoned foot was withdrawn in 
15 seconds and the poisoned foot in 30 seconds; 2 hours after immersion the reaction 
time was 16 seconds for the unpoisoned foot and 30 seconds for the poisoned foot ; 
4 hours 10 minutes after the immersion, the times were 28 seconds for the unpoisoned 
foot and 40 seconds for the poisoned foot; and 21 hours after immersion, each foot was 
withdrawn from the acid solution in 45 seconds, 
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Results of a similar kind were obtained with more dilute solutions (e.g. 1 in 1000), 
but longer contact with the extract was required to produce them. 

Further evidence of the action of this extract on sensory nerves was obtained by 
applying a solution of it to the cornea of the rabbit. The next experiment typifies 
these results. 

Experiment XLVIT.—It was found that a light touch with the point of a blunt 
stylette applied to the centre of the cornea of either eyeball of a rabbit caused the 
animal to close that eye rapidly and momentarily. The transverse diameter of each 
pupil was 8 mm. Of a solution of the extract of S. sarmentosus in distilled 
water (1 to 500) one-tenth of a cubic centimetre was placed on the right eyeball. In 
3 minutes, the reflex in each eyeball was equal and unchanged. In 8 minutes, the 
reflex in both eyeballs was still equal and unaltered, and both pupils measured 7 mm. 
in transverse diameter. In 15 minutes, no reflex movement occurred when the right 
eyeball was lightly touched with the stylette, but the left eyeball was as sensitive as 
before; the right pupil was 7 mm. in transverse diameter and the left was 6 mm. 
In 20 minutes, the right cornea could be depressed with the stylette without any reflex 
movement following; the reflex in the left eyeball was acute and the transverse 
diameter of each pupil was 6 mm. In 30 minutes, the point of the stylette could be 
drawn lightly almost half-way across the right corneal surface without eliciting a 
reflex ; less gentle application caused partial closing of the eyelids; on the left side 
the corneal reflex was acute; the right pupil was 9 mm. and the left pupil 8 mm. in 
transverse diameter. In 40 minutes, each pupil was 7 mm. and the state of the 
corneal reflexes was as last described. In 50 minutes, the right cornea could be gently 
touched and even slightly depressed by the stylette without causing reflex closing of 
the eyelids; the corneal reflex in the left eyeball was acute; both pupils measured 
8 mm. in transverse diameter, and the anzesthesia seemed to be passing off. In 2 hours 
10 minutes, the right cornea was less sensitive than the left, whose reflex was acute ; 
and the transverse diameter of the right pupil was 8 mm., and of the left 7 mm. In 
3 hours after the application of the extract, the right corneal reflex was sluggish and 
the left was still acute; and both pupils measured 8 mm. in transverse diameter. In 
4 hours, the right cornea was insensitive to very light touches only, but less so than 
it had been an hour earlier, while the left cornea was acutely sensitive ; and both pupils 
were 7 mm. in transverse diameter. In 5 hours, the right cornea could still be touched 
very lightly without a reflex following, but heavier touches caused reflex closing of the 
eyelids ; the left corneal reflex was acute; and each pupil was 9 mm. in transverse 
diameter. In 7 hours, the lightest touch on the right cornea with the stylette caused 
a partial closure of the eyelids, but the left cornea “was still more sensitive, and each 
pupil measured 9 mm. In 23 hours after the application of the extract, each pupil 
measured 8 mm. in transverse diameter; the corneal reflex had reappeared in each 
eyeball, but still very light touches with the stylette on the right cornea failed to 
elicit a reflex. The only evidence of irritation was the occurrence of several quickly 
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succeeding closures of the eyelids immediately after the application of the solution of 
the extract. 

From these experiments it appears that the extract is capable of abolishing the 
sensibility of afferent nerves for a considerable time, and of diminishing it for several 
hours longer. Subsequently, there is complete recovery of the function of these nerves. 
Slight dilatation of the pupil accompanies the aneesthesia of the surface of the eyeball. 


(c) Motor Nerves. 


Among the general effects following the administration of lethal doses of the 
extract, it was noted repeatedly, especially in the rabbit, that soon after death galvanic 
stimulation of motor nerves failed to cause contraction of the muscles they supplied, 
while the muscles themselves, when stimulated directly, still responded to moderately 
strong galvanic stimuli. The experiment already described (Experiment XLV.) in 
connection with the examination of the effects upon the spinal cord shows, in addition, 
some of the effects of S. sarmentosus upon motor nerves. 

The results of that experiment are as follows:—The heart was finally arrested 
within 25 minutes of the injection; the spinal reflex had disappeared within 1 hour of 
injection ; galvanic stimulation over the spinal cord produced extension of the lower 
extremities within 2 hours, but had no effect after 3 hours; galvanic stimulation of 
the sciatic nerve within 3 hours was effective on the unprotected side, and within 
34 hours it was quite ineffective; on the protected side similar stimulation pro- 
duced contraction of the gastrocnemius 3? hours after the injection ; direct galvanic 
stimulation of the gastrocnemius caused contraction of the muscle on either side 3 hours 
15 minutes after the injection ; and failed to cause contraction on the unprotected side 
in 8 hours 20 minutes, but still caused contraction on the protected side after 4 hours. 
It is evident that, on the side exposed to the action of Strophanthus, the motor nerves 
conduct impulses after the spinal reflex has disappeared, but that galvanic stimulation 
of the poisoned nerves fails to produce contraction of their muscles while the poisoned 
muscles themselves still respond to direct galvanic stimuli; and, further, it is seen that 
those motor nerves which are protected from the effects of the extract preserve the 
power, when electrically stimulated, to cause their muscles (also protected) to contract, 
not only for some time after stimulation of the unprotected nerves has become in- 
effective, but even for a considerable time after the poisoned muscles have ceased to 
respond to galvanic stimuli. 

To investigate the action on motor nerves further, a series of experiments was 
performed with nerve-muscle preparations consisting of the frog’s gastrocnemius with a 
long piece of the sciatic nerve attached. The nerve-trunk of one preparation was placed 
in a suitable vessel with the muscle of a second preparation, while the muscle of the 
first preparation and the nerve of the second occupied a contiguous vessel. One of 
these vessels contained Ringer’s solution, and the other a solution of the extract in 
Ringer's solution. By means of a single bichromate cell and a Du Bois Reymond’s 
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induction apparatus, the minimum stimulus required to cause contraction of each muscle 
(a) through its nerve and (6) on direct stimulation of the muscle was noted repeatedly 
before and after immersion, as in the following experiment. Only single-break shocks 
were used. 

Experiment XLVIII.—Immediately after pithing a frog (Rana temporaria) weigh- 
ing 50 grams, two nerve-muscle preparations were made. In the following table these 
preparations are designated A and B. ‘The nerve of A and the muscle of B were each 
immersed in 3 cc. of a 1 in 500 solution of extract in Ringer's solution. Before 
immersion the normals were recorded. 


Minimum Single-break Shock required. 
Muscles. Nerves. 
Interval. Notes, 
A B B. A 
mm, mm, mm. mm, 
Before Poisoning. 
10 minutes . ; 190 200 500 500 
Dols 5 . | 200 200 500 500 
Control | Poisoned] Control | Poisoned} Muscle B and nerve A were immersed in 
ah ien a solution of the extract (1 in 500) in 
After Poisoning. Ringer’s solution. 
3 minutes 220 280 500 490 
ie ‘ . | 250 270 500 500 
1 eae ; . | 240 270 500 500 
iy Se : . | 250 290 500 500 
20s : . | 240 260 500 500 
2), : . | 240 260 500 500 
BOly gy : A | ee 240 420 410 
Alay ae ; . | 180 170 380 350 
ca ; ae 70) 120 310 310 Stimulation caused fibrillary twitches in 
the poisoned muscle, 
ADs 53 : .| 140 150 320 290 Spontaneous fibrillary twitches occurred in 
the poisoned muscle. 
BO 35 3 ; 120 110 310 280 
DON ; : 110 110 280 260 Spontaneous twitches, coarse in character, 
occurred in poisoned muscle. 
(0) ' 5 | EG 110 280 260 
op , ; 130 130 260 300 
KOe . a 130 120 320 350 Twitches have ceased. 
(ae : - 140 140 280 290 Do. 
sO; ; i 160 130 360 300 Do. 
Sima; . : 170 140 330 320 Do. 
50 , : 160 150 310 340 
oe : : 180 120 370 480 
100) > 5 : ; 190 110 Zero 270 
105. ; a ey A0) 120 Zero 200 
PLO US : . | 200 110 30 190 
Lb ; : 200 120 Zero 140 Twitches have ceased. 
120 __i,, : ; 200 130 40 130 
NWA or ; He220 120 30 150 
130 15 , S| PALO) 120 30 140 
140) ys x | 200 120 50 160 
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Expervment XLVIII.—continued. 


Minimum Single-break Shock required. 
Muscles, Nerves. 
Interval. Notes. 
A B B. A 
mm, mm. mm, mm. | 
Ajter Poisoning. 
150 minutes . : 190 110 60 200 
155 S,, i : 190 120 50 180 
160 ,, : 190 90 30 170 
iO” 5 ; : 140 80 0 150 
80> ,, ‘ ; 140 80 0 160 
0) : 2 130 80 0 160 
200 _=s=*é~“4 : : 120 80 0 150 
BOs «55 ; 0 160 90 0 150 
220 =~, ; : 140 80 0 150 
230 =o, : : 140 70 0 150 
240, é ; 110 70 0 0 
245—C,, 5 ; 90 60 0 6 
200) ;, ; : 80 40 0 0 
260 =, ; ‘ 70 60 0 0 
ZOe : ; 70 60 0 0 
7ike\ Va 4 ; 70 60 0 0 
340 =, : . |. 100 80 0 0 
380) 5; : : 110 70 0 0 
425 a, : : 90 60 0 0 
30 hrs, 15 min... 70 0 0 0 
34 ,, 45 ,, 5 60 0 0 0 Both muscles are distinctly acid to litmus 
| paper. 


The above experiment shows that, where a muscle and its nerve-ends are acted 
upon by S. sarmentosus, the response of the muscle to direct electrical stimuli is soon 
diminished in comparison with the response elicited from a non-poisoned muscle, and 
disappears completely some hours before the non-poisoned muscle ceases to respond to 
direct stimulation. Further, it isseen that electrical stimulation of the nerve-trunk of 
the poisoned muscle fails to cause any contraction in its muscle within three hours of 
poisoning, and causes only a modified response within two hours; while, on the other 
hand, electrical stimulation of the nerve-trunk of a non-poisoned muscle elicits a 
contraction of its muscle for a considerable time after the poisoned muscle has ceased to 
respond to stimulation of its nerve-trunk. As in experiments in which the extract was 
subcutaneously administered, the poisoned muscle responds to direct electrical stimula- 
tion of its fibres for several hours after stimulation of its nerve-trunk is ineffective. 
The production of fibrillary twitches is specially evident in experiments of this kind 
(Experiment XLVIII.). The next experiment was made in order to determine whether 
these twitches result from an action on the nerve-ends in the muscle or from a direct 
action upon the muscle-fibres. 
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Experiment XLIX.—Two male frogs, each weighing 45 grams, were selected. The — 
Rana temporaria was used, as it had been noted in the course of the investigation 
that the muscles of this species showed more marked fibrillary twitches than those of 
Rana esculenta. One of the frogs received by subcutaneous injection into the dorsal 
lymph-sac 0°3 ¢.e, of a1 percent. solution of curara. Half an hour afterwards, this frog 
was paralysed. Both frogs were then pithed, and three nerve-muscle preparations were 
made of the gastrocnemii and sciatic nerves. The preparations from the curarised frog 
were designated A and B, and that from the non-curarised frog, C. 

Preparation A was immersed in 4 ¢.c. of Ringer’s solution containing 0°001 gram of 
curara to prolong the paralysis of its nerve-ends. 

Preparation B was simultaneously immersed in 4 c.c. of a solution of 1 part of the 
extract of S. sarmentosus in 650 parts of Ringer’s solution, also containing 0'001 gram 
of curara. Preparation C was immersed at the same time in 4 cc. of a solution of 
1 part of extract in 650 parts of Ringer’s solution, and this preparation, therefore, 
was not subjected to the action of curara. 

The following table gives the results of the experiment :— 


in mm. at which a Single-break Shock 
was effective. 


| Maximum Position of the Secondary Coil 
/ 
| 
| 


LENE Muscles. Nerves. pituess 
A B C. A B C. 
mm. mm mm. mm mm. mm 
| After Immersion 
in Minutes. 
5 0 0 | 430 The curarised muscles, A and B, did not respond 
10 170 | 200 | 200 to break shocks even at zero, but responded 
‘ s es a = feebly to make shocks. 
15 bet SGP Se 0 0 | 420 
se eee Bt po 0 0 4 60 { A and B do not respond to make shocks now. 
30 260.) 230),) QUO) ssee Mi seteaali feze 
35 fe ae hc 0 0 | 420 | No fibrillary twitches in A, B, or C. 
| 40 ZAQ- BAO 5), BION SRN eee ieg 
| 41 ore | veins | cgmes | gmee | eee) bean | pOntaneous fibrillary, twitches ini C 
| 45 wee ves A en MOU OLS |e oeD Do. do. 
46 baa ores 1» | oe |. |... | Coarse and frequent fibrillary twitches in C; 
none in A or B, 
50 260) LOO 2On | cae A eee. nee Dor do. 
D5 vig OW Chee OES 0 O | 410 
57 Pe dow (|, omar ore geal le ... | Spontaneous fibrillary twitches occur in C, but 
they are less strong. 
60 310 | 290 | 300 | ... | ... | ... | A few feeble fibrillary twitches in C after stimu- 
lation ; none in A or B. 
65 EPP Vier lon 0 0 | 400 | Feeble fibrillary twitches in C after stimulation. 
67 dcee | paral eee : . ... | Spontaneous feeble fibrillary twitches in C; 
none in A or B, 
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Interval. 


After Immersion 
in Minutes. 


70 
75 
80 
82 
85 
90 
93 
95 
100 
103 
105 
110 
115 
116 


120 
125 
130 
135 
140 
142 
145 
150 
155 


Maximum Position of the Secondary Coil 
in mm, at which a Single-break Shock 


was effective. 


Experiment XLIX.—continued. 


Muscles. Nerves. Nou 
A. B. C, A, B. C. 
mm mm. mm, mm mm. mm, 
330 | 330 | 300 | ... a ... | Strong fibrillary twitches in C after stimulation. 
Foe aiiliezicsualliasss 0 ‘0 | 380 | A few fibrillary twitches in C only. 
240 | 210 | 220 ‘ Do. do. 
1 Bes ... | Spontaneous strong fibrillary twitches in C. 
may ean eee 0 O | 360 
220 | 170 | 180 ... | Slight fibrillary twitches in C after stimulation. 
: 506 Be “ts Do. without stimulation. 
ae oe or 0 0 | 410 Do. after stimulation. 
250 | 160 | 180 | oa 
ase oro ce sla Do. without stimulation. 
noes nll ene ete 0 0 | 400 Do. 
FeV) UU ar OM (eral sea 
al ase 0 0 | 400 
Slight fibrillary twitches in C without stimula- 
tion ; none ever in A or B. 
PASI Nc) aN -8 (0 ae ee 
Pees || ane 0 0 | 380 | Very slight fibrillary twitches in C. ' 
BAO ZANE TSO vcs 1 |) otal ae. 
oe Sa set 0 0 | 350 Do. do. 
250 | 170 | 180 . | No fibrillary twitches in A, B, or C. 
ae SCA leet teen liter emer ur ciot: do. in€. > 
ae ar uae 0 0 | 400 | No do. in A, B, or C. 
POO LOOM TSO cee st) aes, | ght do. in C. 
BNI A fla) lt 0 0 | 340 | Slight do. in C, 
MSO P20 POO messi csc | eae 
oe timate 0 0 | 320 | Veryslight do. in C. 
180| 160%; 70, |. < ... | No fibrillary twitches in A, B, or C. 
0 0 0 | C does not respond to stimulation of its nerve; 
no fibrillary twitches. 
200 | 110) 80 No fibrillary twitches in A, B, or C. Muscle C 


is pale and rigid. 


Twenty-two hours after immersion, muscle C did not respond to strong electrical 
stimuli applied directly to the muscle; after the same interval of time, muscle A 
contracted slightly when directly stimulated with the secondary coil at 60 mm., and 
muscle B contracted when directly stimulated with the secondary coil at 40 mm. 

Accordingly, the muscles whose motor nerve-ends were paralysed by curara did not 
exhibit fibrillary twitches when poisoned by S. sarmentosus. It is by an action on the 
motor nerve-ends in muscle, therefore, that the fibrillary twitches are produced. Very 
soon after the fibrillary twitches cease, stimulation of the motor nerve-trunk fails to 


cause contraction of its muscle. 
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D. Errecots oN SKELETAL MUSCLES. 


Among the general effects following the injection of S. sarmentosus, there were 
noted early slight rigidity of the muscles, the appearance of fibrillary twitches in 
them, and subsequently enfeeblement followed by paralysis of the muscles; and 
soon after death, the muscles were observed to be pale, rigid, non-contractile and 
acid in reaction. Experiment XLV. showed that muscles unprotected from the 
action of S. sarmentosus were pale, rigid and acid in reaction within 3 hours; and 
in 84 hours they failed to respond to direct electrical stimulation. On the other 
hand, muscles protected from the extract’ responded to direct electrical stimulation 
for 24 hours, and did not become rigid within that time. 

Several experiments were made in order to obtain graphic records of some of the 
changes produced in muscle. For this purpose, the procedure was to make two muscle 
preparations with the gastrocnemii of a frog in which the muscles were not separated 
from the femur, and retaining the tendo Achillis and the portion of the femur to which — 
the muscle is attached. Hach preparation was placed in a small glass cylinder, closed 
at its lower end by a cork. Through this cork passed a piece of stout platinum wire, 
whose upper end was hooked so as to fix the attached portion of the femur; while the 
other end was connected with one pole of an induction coil. The tendo Achillis of the 
muscle was attached to a light lever writing on a smoked surface. To complete the 
electrical circuit, a piece of fine platinum wire was hooked into the tendo Achillis, and 
its free end was connected with the other pole of the induction apparatus. Single- 
break shocks from a Du Bois Reymond’s apparatus and a single Daniell’s cell were 
used as stimuli, and the wires from the two muscles were so connected that each 
stimulus passed simultaneously through both muscles, and in the same direction along 
each muscle. The muscles were immersed in Ringer’s solution. One muscle was used 
as a control throughout the experiment, and the solution surrounding the other was 
afterwards replaced by a solution of extract in Ringer’s solution. The position of the 
secondary coil is indicated on the tracings. It was found that the muscles of Rana 
temporaria were more affected by the extract than those of Rana esculenta. 

Ezxpervment L.—Effect on the muscles of Rana temporaria of extract of S. sar- 
mentosus dissolved in Ringer’s solution (1 in 1000) (Plate II.). Muscle A is the 
control and muscle B the poisoned muscle. Before poisoning, normal curves were 
taken with the secondary coil at 100 mm., as at 12.23 p.m. (fig. 1). 


12.25, 2 c.c, of solution of S. sarmentosus extract (1 in 1000) substituted for the Ringer’s solution of 
muscle B. 

12.50. No change (fig. 2). 

12.52. Within the last 2 minutes the lever of B had risen owing to shortening of the muscle. The 
rise was gradual and there were no visible fibrillary twitches. 

12.55. Spontaneous fibrillary twitches of B were visible, and the lever was jerked up by some of them. 
After stimulation at 100 mm. and contraction of the muscle (fig. 3), these fibrillary twitches 
became very coarse, 
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12.59. Coarse spontaneous fibrillary twitches were occurring in B. These began at irregular intervals. 

lp.m. After stimulation at 100 mm. and contraction of the muscles, the lever of B fell lower and 
very coarse fibrillary twitches occurred, jerking it up again. When it had returned to its 
former level, the fibrillary twitches disappeared. 

2 p.m. Spontaneous fibrillary twitches were present in B. They were much fainter than before. 
After stimulation at 100 mm. (fig. 4) and contraction, about twenty very coarse fibrillary 
twitches occurred in B, jerking the lever upwards. 

2.18. There were no visible fibrillary twitches in B. 

2.20. There were no fibrillary twitches before or after stimulation. 
2.25. The lever of B has returned to its original abscissa (fig. 5). 
2.35. No fibrillary twitches before or after stimulation. 

3.25. Do. (fig. 6). 


10 a.m. next day. Secondary coil at zero. A contracts better than B. 


Experiment LI.—Effect on the muscles of Rana temporaria of S. sarmentosus 


extract in Ringer’s solution (1 in 10,000) (Plate III.). 
were taken with the secondary coil at 120 mm., as at 12.2 p.m. (fig. 1). 


Before poisoning, normal curves 


Muscle A 


is the control and muscle B the poisoned muscle. 


12.7 p.m. 


2 c.c. of solution of S. sarmentosus extract (1 in 10,000) substituted for the Ringer’s 
solution of muscle B, 


1.2. Up to this time, no fibrillary twitches were seen. The observations were interrupted until 
2 p.m. 
2p.m. The lever of muscle B has been raised, and fine spontaneous fibrillary twitches were present 
in the muscle. 

2.22. Before stimulation of muscle B, no fibrillary twitches were visible, but after contraction and 
relaxation of the muscle the lever was lower than before contraction (fig. 3), and very 
coarse fibrillary twitches appeared, jerking the lever upwards to its former position. 

2.25. Fibrillary twitches were still present in B, but were very feeble. 

2.27. After stimulation of the muscle B, the fibrillary twitches became very coarse. 

2.36. Coarse fibrillary twitches were occurring in B. 

2.42. Stimulation with secondary coil at 120 mm. On relaxation the lever of B was lower than 
before contraction (fig. 4). 

2.44. Very coarse fibrillary twitches occurred in B, jerking the lever back to its higher position 
again. 

3p.m. Both A and B were stimulated twenty times in rapid succession. The fibrillary twitches 
which followed in B were recorded on a slowly moving surface (fig. 5). 
3.17. After contraction and relaxation fine fibrillary twitches occurred in muscle B. 
4,26. Do. (fig. 9). 
5.35 p.m. No fibrillary twitches occurred in B before or after stimulation. 
10 a.m. Muscle A still contracts well when stimulated, muscle B does not respond to electrical 


stimulation. 


‘From these and other similar experiments it appears that immersion of a skeletal 


muscle in a solution of extract of S. swrmentosus is followed some little time after- 
wards by shortening of the muscle and consequent elevation of the lever (see Plate II. 
figs. 3 and 4, and Plate III. figs. 3 and 4). This shortening occurs very rapidly with 
strong solutions, and it is not at first accompanied by visible fibrillary twitches. On 
relaxing after stimulation, the muscle becomes more elongated for a time, but does not 
reach the original abscissa. This elongation is soon overcome by coarse fibrillary 
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twitches which shorten the muscle once more. Gradually, the shortening of the 
muscle passes off, and usually it had entirely disappeared when spontaneous fibrillary 
twitches had ceased (Plate II. figs. 5 to 7). The jerking of the lever has been referred 
to above. After the initial shortening of the muscle occurs, the fibrillary twitches to 
which this is due are very noticeable. These soon become very coarse and incessant, 
and thereafter become less frequent and finer, until they disappear entirely. Even 
after spontaneous fibrillary twitches have disappeared, coarse fibrillary twitches may 
be caused for a time by stimulation of the muscle, and, at any time during which 
fibrillary twitches are present, they become more coarse and more frequent after 
contraction and relaxation of the muscle. Such twitches are seen in Plate III. fig. 5. 
After the cessation of spontaneous fibrillary twitches, changes in the muscle curve 
appear. Usually the first change is that the poisoned muscle requires stronger stimuli 
to cause contraction. When it contracts, its curve is not so high as that of the 
non-poisoned muscle ; the rise of the lever is more gradual, the summit of the curve is 
more rounded, and the fall of the lever much slower than in the case of the control, 
as in Plate II. fig. 7 and Plate III. figs. 7 and 9. Finally, the poisoned muscle fails 
to respond to strong electrical stimuli long before the non-poisoned muscle does so. 


E. Errects oN THE CIRCULATION. 


(a) Heart. 


From the earliest experiments, both in cold-blooded and in warm-blooded animals, 
it was obvious that S. sarmentosus has an action upon the skeletal and cardiac 
muscles in comparison with which its other effects are of secondary importance. 
The heart-muscle seemed to be particularly sensitive. Observation of the cardiac 
impacts revealed that these were at first increased in rate, in force and in extent; later, 
they became irregular in rate and in force; and just before death they were feeble, 
irregular and difficult to determine. When the heart was exposed immediately after 
death, it was usually found that the heart’s ventricle was motionless, pale and firmly 
contracted ; it did not respond to mechanical or electrical stimuli, direct or indirect, 
and soon became acid in reaction. In the case of warm-blooded animals the left 
ventricle of the heart showed these characteristics more distinctly than did the right. 
Experiments to determine more exactly the extent and the nature of this action upon 
the heart will now be considered. 

The following experiment shows the eflects upon the frog’s heart of a dose of 
the extract, subeutaneously injected, which caused profound general effects, but from 
which the frog would probably have recovered :— 

Experiment LII.—Sixty-eight hours 20 minutes after receiving into the dorsal 
lymph-sac a dose of extract equal to 0°0031 gram per kilogram, the frog (Rana 
esculenta) lay on the abdomen and thorax with the limbs loosely flexed; the throat — 
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respirations were 20 per 10 seconds, the flank respirations 3 or 4 per 10 seconds; the 
conjunctival reflex was acute; the pupils were dilated; the frog was unable to flex a 
hind-limb which had been passively extended; it made feeble and unsuccessful efforts 
to recover the prone position when laid on its back; and the cardiac impacts could be 
counted. Sixty-eight hours 25 minutes after the injection, the frog was decapitated 
and the heart exposed. ‘The heart was contracting regularly seven times in 60 seconds ; 
the diastolic phase was long, and all the chambers were very large and dark during 
diastole ; systole was rapid and complete, the ventricle becoming very small and pale, 
and then rapidly dilating ; a portion near the apex was the last to contract in systole. 
Five minutes after decapitation, three complete contractions of the heart occurred in 
30 seconds, and then the heart paused in diastole for 40 seconds. After this pause, 
five good and regular contractions occurred in 60 seconds. Fifteen minutes after 
decapitation, seven contractions occurred in 60 seconds; the ventricle became very pale 
in systole (which occupied less than 2 seconds), and was large and dark in diastole 
(which occupied 6 or 7 seconds). Forty-five minutes after decapitation, five con- 
tractions occurred in 60 seconds, and the systolic and diastolic phases were as last 
noted. One hour 5 minutes after decapitation, seven cardiac contractions occurred in 
60 seconds and at irregular intervals. Systole was performed completely and rapidly. 
Three hours 8 minutes after decapitation, six contractions occurred in 60 seconds; the 
first of these was succeeded by a pause in diastole for 40 seconds, the other five 
occurred in the next 20 seconds; the systolic phase was rapid and complete, but the 
diastolic phase predominated. Three hours 45 minutes after decapitation, four con- 
tractions occurred in 60 seconds and at irregular intervals. Four hours 30 minutes 
after decapitation, four contractions occurred in 45 seconds, followed. by a pause in 
diastole of 25 seconds, and systole was now less complete. Four hours 50 minutes after 
decapitation, five contractions occurred in 30 seconds; dark ‘“‘ pouchings” usually 
appeared at the apex and the base of the ventricle in systole and moved from one part 
of the cavity to another; and at times dark rings ran over its surface from base to 
apex ; and during these vermicular movements of the ventricle the auricles were very 
much dilated and the frog struggled feebly. Four hours 55 minutes after decapitation, 
the heart was beating almost regularly ; the ventricle was uniformly dark in diastole 
and uniformly pale in systole. Four hours 56 minutes after decapitation, the heart 
stopped in diastole; 30 seconds later a single powerful contraction of the ventricle 
occurred and was followed by immediate relaxation ; and the frog struggled feebly. 
Four hours 57 minutes after decapitation, another single powerful contraction of the 
ventricle occurred, followed by several more at intervals of 15 to 20 seconds; and each 
contraction was preceded by a single auricular contraction which greatly distended 
the ventricle. In 6 hours 25 minutes after decapitation, the heart was observed to be 
in diastole for 2 minutes, then ten regular and complete contractions occurred at 
intervals of 4 or 5 seconds, and were followed by a pause in diastole for 1 minute, 
succeeded by further rhythmic contractions. Seven hours 45 minutes after decapitation, 
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three regular and complete contractions of the heart occurred in 30 seconds. Twenty- 
four hours after decapitation (and 92 hours after the injection), sixteen regular and 
uniform contractions of the heart were seen in 55 seconds; in systole, the ventricle 
did not become very pale ; in the diastolic phase, only the apex of the ventricle anda 
portion at the base first became dark... This series of contractions was succeeded by 
a pause in diastole for 24 minutes; then the auricles began to contract and to 
distend the ventricle; at first, the ventricle responded only by superficial and 
imperfect contractions, but after about a dozen auricular contractions the ventricle 
was beating regularly and well, and then another long pause followed. Twenty- 
nine hours after decapitation, the heart was motionless in diastole; then the auricles 
began to contract and to distend the ventricle; at first the ventricle responded to 
this stimulation imperfectly, but by and by it resumed its contractions at the rate 
of 18 per minute, synchronously with the auricles, and became quite pale in systole; 
4 minutes afterwards, the rate of contraction, however, became slower and diastolic 
pauses of irregular length occurred. General reflexes could still be elicited. Thirty- 
three and a half hours after decapitation, the conditions were as last noted; the 
heart was observed to beat well for 11 minutes at 18 per minute and then to 
become arrested in diastole. Thirty-six hours after decapitation, the heart was 
beating at 18 per minute, with occasional pauses in diastole lasting for one or more 
minutes. No further observations were made. 

In the next series of experiments the extract dissolved in Ringer's solution was 
applied to the outer surface of the frog’s heart, definite quantities of standard solutions 
being instilled within the pericardial sac. The procedure was as follows :—The brain 
was destroyed anterior to a line joining the posterior margins of the eyelids. The frog 
was then pinned down on its back and the heart was fully exposed without damaging 
the pericardial sac. A small portion of the sac was removed with scissors from the 
highest part, which was usually situated over the auriculo-ventricular junction. By 
means of a hypodermic syringe, from which 100 drops of Ringer measured approxi- 
mately 1 ¢.c., five or ten drops of one or other of the standard solutions used (= 0°05 «e. 
and 0°l ec.) were instilled within the pericardial sac through the artificial opening. 
During this process the cut edge of the sac was held with fine forceps and the upper 
part of the sac gently raised from the surface of the heart. After the instillation, the 
pericardium was not released until several contractions of the heart had distributed the 
solution all over its surface. These quantities of fluid were easily retained within the 
pericardial sac of frogs weighing 20 grams and upwards, and the heart’s movements did 
not cause the solution to overflow. 

In order to keep the tissues moist, the frog was laid on wet filter-paper and was 
covered by a glass funnel. 

In similar experiments upon frogs without the application of any poison, it was 
found that the heart’s movements preserved their chief characteristics for 48 hours after 
the heart was exposed—the contractions continued to be regular in time and to affect 
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the chambers uniformly ; the ventricle was of a pale pink colour in systole and never 
white ; and ventricular systole continued to occupy two-thirds of the ventricular cycle. 
The number of contractions, however, had fallen from eight to six per 10 seconds, and 
the ventricle did not become quite so small in systole as at the beginning of the 
experiment. After 48 hours, general reflexes could still be elicited. 

Experiment LITI.—0:0000125 gram of extract placed within the pericardial sac 
of a frog (Rana temporaria). 


Contractions in 10 seconds, 


Interval. 
Auricles. 

Before Strophanthus. 

12 minutes . i 
After Strophanthus. 

10 minutes . if 

20 ” 6 

30 6 

AO. 3; 6 

ae 6 
23: 5, 4 
KOS 2,, 4 
190 =, 4 
2S ee 4 
ZOO  ,, 3 
2D - 5, 
2S: ,, 


Ventricle. 


Notes, 


ars 


Contractions regular and powerful; ventricular systole 
occupies two-thirds of the cardiac cycle; in diastole, the 
ventricle is uniformly dark red in colour, and in systole it 
is pink and moderately small; auricular systole and ven- 
tricular diastole are synchronous. 

0:0000125 gram of extract in Ringer’s solution was inserted 
inside the pericardium. 


Notes as before, but the ventricle possibly becomes paler in 
systole. ; 

Contractions are regular and powerful; ventricular systole 
continues to occupy two-thirds of the cycle; in diastole, 
the ventricle appears to be darker than before the applica- 
tion of the extract; in systole, it is distinctly smaller and 

aler. 

Hecate regular and powerful; ventricular systole and 
diastole each occupy half of the cycle; the ventricle begins 
to dilate before auricular systole occurs. 

Contractions regular and powerful ; ventricular systole again 
occupies two-thirds of the cycle; auricular systole and 
ventricular diastole are again synchronous. 

As last noted. 

Contractions regular and powerful ; ventricular systole and 
diastole each occupy half of the cycle ; ventricular diastole 
is performed well and uniformly; the ventricle contracts 
uniformly and becomes pale pink. 

Ventricular diastole occupies two-thirds of the ventricular 
cycle; systole is powerful; ventricular diastole is in two 
phases, the first is a slight relaxation of the ventricle 
immediately after its own systole; the second corresponds 
with the systole of the auricles. 

As last noted. 

Regular and powerful contractions ; ventricular systole and 
diastole each occupy half the cycle; the ventricle is now 
less pale in systole. 

Ventricular diastole now occupies two-thirds of the cycle; 
at irregular intervals the heart is arrested in full diastole 
for periods of about 15 seconds. 

The heart was arrested in diastole for 15 seconds and the 
frog struggled violently; the ventricle became greatly 
dilated and then began to contract regularly. 

The heart is contracting regularly and powerfully. 
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Experiment LITT.—continued. 


Contractions in 10 seconds, 


Interval. —— Notes. 


Auricles, Ventricle, 


After Strophanthus. 


283 minutes . : es se The heart paused in diastole for 5 seconds; such pauses 
occur spontaneously, and may also be induced by ietting the 
edge of the funnel fall sharply on the thighs of the frog. 

5 hours : : 4 4 Regular and powerful contractions ; ventricular systole and 
diastole each occupy half the cycle; ventricular diastole 
shows one phase before and one phase accompanying 
auricular systole; in systole, the veutricle is well con- 
tracted and moderately pale. 
22 hours 30 mins. . 4 4 Contractions regular, but less powerful; other notes as last 
recorded; in diastole, the ventricle is smaller than before, 
and mottled. 


BL ae PAD ts -(2 6 6 Regular and feeble contractions; auricles and ventricle are 
very pale and small ; general reflexes elicitable. 
DDE Gano uns oe Sc Bat The heart is motionless; the auricles are small and pale; 


the ventricle is small and purplish in colour; mechanical 
stimulation of the ventricle results in several feeble move- 
ments of all chambers of the heart; general reflexes can 
be elicited ; respiratory movements have ceased ; on section, 
the ventricle was empty and its cavity small ; the reaction 
of its muscle to litmus was doubtful—perhaps faintly acid. 


Experiment LIV.—0'00005 gram of extract placed within the pericardial sac of 
a frog (Rana temporaria). 


Contractions in 10 seconds. 
Interval. - — Notes. * 


Auricles, Ventricle. 


Before Strophanthus. 


‘10 minutes . : 7 7 Contractions powerful and regular in time; ventricular 
systole occupies two-thirds of the cycle ; the diastolic move- 
ment of the ventricle is abrupt, the systolic is deliberate. 
l minute. ; 7 th As last noted. 
a 0:00005 gram of extract in Ringer’s solution inserted inside 
the pericardial sac. 


After Strophanthus. 


2 minutes a 7 As last noted. 
5 yy 6 6 Do., but ventricle is perhaps paler in systole. 
Sti, 6 6 
Li os 6 6 
20, 5 5 Contractions regular and powerful; ventricular diastole now 


occupies one-half of the cycle; in systole the ventricle 
becomes very pale; the diastolic movement of the ventricle 
is prolonged, and is in two phases, one before and the 
other accompanying auricular systole. 
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Expervment LIV.—continued. 


Interval. 


After Strophanthus. 


28 minutes 
31 fs 
34 ” 
35 43 
37 : 
40 5 
a, 
42 if 
43 a 
ee 


Contractions in 10 seconds, 


Auricles, 


Ventricle. 


Notes. 


Two auricular contractions precede each ventricular con- 
traction ; twelve auricular and six ventricular contractions 
occurred in 380 seconds, ventricular systole occupies 2 
seconds and the ventricle becomes very small and pale ; 
ventricular diastole occupies 4 seconds (about), and the 
ventricle does not dilate very much. 

Twelve auricular and six ventricular contractions occurred in 
30 seconds. 

In 20 seconds, the auricles contracted six times, and each 
auricular contraction distended the ventricle further, then 
the ventricle gave a single powerful contraction. 

The frog struggled ; the base of the heart is quite pale and 
contracted ; at each contraction of the auricles only a small 
area at the apex of the ventricle becomes darker in colour, 
and it at once pales in systole again. 

Three auricular and three imperfect ventricular contractions 
occurred in 60 seconds; the ventricle is almost completely 
contracted. 

No movement of the heart in 60 seconds. 

One contraction of all chambers in 60 seconds. 

Do. do. 

Eight contractions of auricles and ventricle occurred in 60 
seconds; these were irregular in time and very feeble; 
thereafter the heart was arrested with the ventricle very 
small and pale; the auricles were slightly dilated; the 
frog breathed regularly. : 

The heart is motionless ; the auricles are slightly dilated and 
the ventricle is pale and firmly contracted; mechanical 
stimulation of any chamber results in a feeble movement 
of the auricles only; on section, the ventricular muscle 
appeared to give an alkaline reaction with litmus paper. 


Experrment LV.—0-0004 gram of extract placed within the pericardial sac of 


a frog (Rana temporaria). 


Interval. 


Before Strophanthus. 


5 minutes . 


1 3 ” 


Contractions in 10 seconds. 


Auricles. 


Ventricle. 


Notes. 


Contractions regular in time and powerful; movements large ; 
ventricular systole occupies two-thirds of the cycle. 
Do. do. 
Inserted 0:0004 gram of extract dissolved in Ringer’s 
solution inside the pericardial sac. 
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Experiment LV.—continued. 


Contractions in 10 seconds, 


Interval. —_ Notes. 
Auricles. Ventricle. 


After Strophanthus. 
3 minutes . : 8 8 Contractions regular and powerful; in systole, the ventricle 
becomes much smaller and paler than formerly ; in diastole, 
the ventricular movement is more abrupt; the auricular 
movements are strong. 
9 9 In systole, the condition of the ventricle is as last noted ; 
in diastole, the ventricle does not dilate so much; ven. 
tricular systole occupies two-thirds of the cycle. 
1Ow gs : : 8 8 Regular contractions ; ventricular systole is as last deseribeal g 
in diastole, the ventricle dilates only a little and its apex 
scarcely expands at all; the auricles are acting well. 


15 - 8 8 Do. do. 

Pe if 7 Do. do. 

23 vhs 8 8 Do. do. 

30m 5-8 8 8 Ventricular systole as last described; in diastole, the ven- | 
tricle now becomes very large; the auricular diastolic 
movement is also greater. 

Ciel wri; 8 8 Contractions powerful and regular in time; ventricular 
expansion and contraction are very large movements; in 
diastole, the auricles become very large and they contract 
powerfully. 

40 ,, : ‘ 8 8 The ventricular movements are very large and quite regular 
in time; there is a slight tendency for the ventricle to 
begin contracting before its diastolic expansion is complete. 

tiie, Se) - T ff Movements of all chambers are very large and quite regular ; 
the ventricular systole occupies two-thirds of the cycle. 

50 a : ; 6 6 Do. do. 

52 5 ; é tes eos The auricles are contracting on their contents, but do not 
expel them ; the ventricle is arrested in systole. 

55 ‘; 6 6 Contractions regular in time ; the auricles do not completely 
expel their contents in systole; they are enormous in 


diastole; the ventricle dilates only slightly in diastole, 
which occupies half of the cycle. 

60) ‘ : 4 4 Contractions regular in time ; the auricles are greatly dis- 
tended in diastole and do not expel more than half their 
contents in systole; ventricular diastole occupies three- 
fourths of the ventricular cycle; of these, two-fourths 
occur before auricular systole; in systole, the ventricle is 
very small and pale. 


BD: © Sapna ; 4 4 Do. do. 

Gre a es : oe ae Heart stopped beating ; all chambers were in diastole for 100} 
seconds, then regular contractions occurred spontaneously. 

(Ce a Berta ge : Ans = Heart arrested for 50 seconds with the auricles fully dilated 


and the ventricle partly dilated ; contractions were resumed 
spontaneously at four per 10 seconds, the auricles contracting 
incompletely and the ventricle completely. 


GIN wore : : 3 3 

oF age F ; Bac Re A long pause with all chambers in diastole. 

SOi eee : F She ae Pause of 40 seconds’ duration as above, and then spontaneous 
contractions at four per 10 seconds. 

85 r i ‘ = xe Pause and recovery as in last note. 

90 ”» . - 3 3 The movements had the same characters as at 60 minutes 


after poisoning. 
110 3 ; ; 4 4 As in last note. 


STROPHANTHUS SARMENTOSUS: ITS PHARMACOLOGICAL ACTION, 383 


Experiment LV.—continued. 


Contractions in 10 seconds. 


Interval. —— Notes. 
Auricles, | Ventricle. 

After Strophanthus, 

2 hours 5 mins. . 2 2 Systole is performed fairly rapidly ; the diastolic phase is 
prolonged. 

Mee, LD 4, : 4 4 Each alternate ventricular contraction is superficial, the 

‘ intervening contractions are complete. 

> 3 4 4 Do. do. 

Pei AD 4, : $5 eae Do. do. 

tes : : 4 4 Do. do. 

See LOMmMINS. 4 4 Do. In diastole, the auricles are well dilated; in systole, 
they expel their contents almost completely. 

eee tO 5, : 3 3 One of these ventricular contractions was a localised dimpling 


only ; the others were powerful contractions ; the auricles 
are contracting and expanding well. 
. ee ; an ue Six contractions of the auricles and ventricle occur in 30 
seconds ; they are almost regular in time ; the left auricle 
contracts first, then the right; their contraction is rapid 
but incomplete; the ventricle contracts after the right 
auricle; it usually becomes uniformly pale in systole and 
very small; sometimes a wave of contraction passes over 
the ventricle from left to right; the systolic movements of 
the heart are rapid ; the diastolic phase is prolonged. 
HOmes OO. ,, : wae Ae | Six auricular and two ventricular contractions occur in 30 
seconds; two or four auricular contractions precede each 
ventricular contraction; after contraction, the ventricle 
relaxes a little, and the successive auricular contractions 
distend it more and more; finally, it again contracts, and 


sO On. > 

Pe 20° 5, : ace ‘ies Heart arrested with all chambers greatly dilated. 

We ol ,, A site Fa Six auricular and six ventricular contractions in 30 seconds ; 
notes as at 9 hours 45 minutes. 

i, 40 ,, E Pas sie Arrest of the heart with all chambers fully dilated. 


From these experiments it appears that, with the smallest doses of extract used, the 
first change is the greater completeness of the systolic movement of the ventricle, and 
this occurs very early. Soon afterwards, the ventricle becomes more expanded in 
diastole, while the rate of the heart’s contractions becomes slower. At this stage, the 
contractions are regular in time, and the ventricular systole occupies two-thirds of the 
ventricular cycle, as in the normal heart. This condition is followed by changes in the 
cardiac cycle ; at first the time of the ventricular cycle becomes equally divided between 
systole and diastole, and afterwards ventricular diastole is the longer phase, the contrac- 
tions of the heart continuing to occur at recular intervals up to this point. When the 
diastolic phase begins to predominate, the ventricle relaxes very rapidly after contract- 
ing and it is already well dilated when the auricles contract. Irregular pauses in 
diastole soon interrupt the regularity of the cardiac contractions; these pauses occur 
| spontaneously, but they can be induced at times by stimulation of peripheral nerves. 
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Throughout the observations, the auricles contract and dilate regularly until finally the 
ventricle becomes permanently small and pale in systole and resists the efforts of the 
auricles to propel their contents into it. The auricles continue to contract after ventri- 
cular standstill, and they respond to mechanical stimulation after the ventricle has 
ceased to do so. 

With larger doses, the main features of the action are similar, viz. : slowing of the 
heart, increased extent of the systolic and diastolic movements of the ventricle, the 
tendency to predominance of diastole, the occurrence of diastolic pauses of irregular 
length and at irregular intervals, and at last permanent systole of the ventricle, which 
becomes very pale and rigid. The auricles are better filled and empty their contents 
completely in the early stages, but later the ventricle does not contract rhythmically 
with the auricles, and several auricular contractions precede each ventricular systole. 
When the final systole of the ventricle occurs, the contractions of the auricle appear to 
be unsuccessful in propelling the smallest portion of their contents into the ventricular 
cavity. In the case of the largest doses which were applied to the surface of the heart 
the course of events was similar in kind though different in degree. In the last experi- 
ment described (Experiment LV.), the observations were discontinued when the dia- 
stolic pause continued for 10 minutes or longer, though in other similar experiments it 
was found that mechanical stimulation of the heart induced contractions of all its 
chambers after the organ appeared to be finally arrested in diastole, and repeated irrita- 
tion changed the type of arrest from diastolic to systolic. 

In several other experiments, with large doses of extract (not described), the first 
noticeable change—increased completeness of the systolic movement of the ventricle— 
became so marked that the heart was permanently arrested in systole within 30 minutes 
of the application of the extract. In such cases, the ventricular cavity becomes quite 
obliterated and the cardiac muscle immediately becomes acid in reaction. 

During the experiments, the laboratory temperature was from 15° C. to 18° C. 

Experiments afterwards described (heart perfusion) indicate how the quantity of 
extract affects the nature of the changes produced in the heart. 


Influence of the Vagus. 


In order to determine if S. sarmentosus acts on the vagus, numerous experiments 
were performed on the lines of those just described. With a laboratory temperature of 
18° to 20° C., it was found that electrical stimulation of the exposed vagus nerve in the 
frog caused complete arrest of the heart in extreme diastole for several seconds. Within 
three minutes of the application of a solution in Ringer’s solution of sulphate of atro- 
pine to the surface of the heart, electrical stimulation of the vagus produced no effect. 
When 0:000025 gram of atropine sulphate was instilled within the pericardium, the 
strongest stimulation (from a Du Bois Reymond’s apparatus and a single bichromate 
cell) of the isolated vagus nerve produced no effect on the heart during two hours, ex- 
cepting acceleration in some instances. After this interval, electrical stimulation of the 
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vagus arrested the heart in diastole, but a second application of the same dose of atro- 
pine abolished the vagus-action for other two hours. When 0:00005 gram of sulphate 
of atropine was applied to the heart in the same way, the vagus, which had previously 
been ascertained to be active, failed to slow or arrest the heart, when electrically stimu- 
lated, during four hours; but after the lapse of four hours electrical stimulation of the 
nerve was followed by arrest of the heart in diastole for several seconds. Larger 
amounts of sulphate of atropine appeared to affect the cardiac muscle. 


Atropine after Strophanthus. 


Eapervment LVI.—0-0004 gram of extract instilled within the pericardial sac of a 
frog (Rana temporaria) and, when the effects developed, 0:000025 gram of sulphate 
of atropine instilled. 


Contractions in 10 seconds. 


Interval. Notes. 
Auricles. Ventricle. 


Before Strophanthus. 
3 minutes . : 5 5 Contractions regular in time and powerful; ventricular 
systole occupies two-thirds of the cycle. 
Inserted 0:0004 gram of extract of Strophanthus dissolved 
in Ringer’s solution inside the pericardial sac. 
After Strophanthus. 
4 minutes . : 6 6 All chambers are larger in diastole and all contract well in 
| systole. 
Ss. 5, : , 7 7 Do. do. ” | 
10° .,, . : 7 7 Contractions regular and powerful ; ventricular systole occupies 
two-thirds of the cycle; auricles and ventricle are very 
large in diastole and contract very well in systole. 

AD.» : . 6 6 Do. do. 

ZOE w,, ¢ ; 6 6 The auricles are greatly dilated in diastole and expel only 
half their contents in systole; the ventricle is small and 
pale, and only the apex dilates at each auricular systole. 

235 eae : : 6 6 The auricles fail to expel their contents and the ventricle is 
almost in complete systole. 

Bae! -55 ; : = sae 0:000025 gram of atropine sulphate in solution inserted 
inside pericardium. 

On at-55 2 ; 6 6 As last noted. 

30 * : . ae sae Six auricular and six ventricular contractions in 30 seconds ; 


the auricles fail to expel even half of their contents ; 
ventricular expansion in diastole very slight. 
35 A ; ; ae Se, The heart is arrested with the ventricle small and pale and the 
auricles large and dark ; occasional contractions of the auricles 
occur, followed by a feeble movement of the ventricle. 


40 ” 4 4 Characters as at 33 minutes. 

45 an 4 4 Do. 

55 5 4 4 Do. 

70 i 6 : ae ae Pause for 15 seconds with the auricles moderately dilated 


and the ventricle a little relaxed; thereafter the auricles 
expelled their contents better into the ventricle, which was 
less contracted. 
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Experiment LVI.—continued. 
Contractions in 10 seconds, 


Interval. SSS SS Notes, 
Auricles, Ventricle. 


After Strophanthus. 


75 minutes . : ang ap Eleven contractions of the heart in 30 seconds, followed by 
a pause of 35 seconds during which the auricles were 
dilated and the ventricle contracted. 

eer. ‘ : ae sis A similar pause for 30 seconds. 

82) 5 ; ; Bae ay In 30 seconds twelve cardiac contractions occurred in which 

ventricular systole preceded auricular systole, and then a 

short pause followed in each cycle; thereafter a pause of 

40 seconds’ duration followed, in which the auricles were 

dilated and the ventricle contracted ; then the auricles gave 

a single spontaneous contraction, followed by contraction of 

the ventricle, and after that ventricular systole preceded 

auricular systole for ten contractions. Such series of 
contractions were seen several times. < 

95 “4 : : sis wat Final arrest of the heart with the ventricle small and pale 
and the auricles large and dark. 


Experiment LVII,—0-0004 gram of extract instilled within the pericardial sac of a 
frog (Rana temporaria), and later 0000025 gram of sulphate of atropine. 


Contractions in 10 seconds, 


Interval. SSS SESE Notes, 
Auricles. Ventricle. 


Before Strophanthus. 


l minute. 3 6 6 Contractions powerful and regular in time ; ventricular systole 
occupies two-thirds of the cycle. 

Inserted 0:0004 gram of extract of Strophanthus in Ringer’s 
solution inside the pericardial sac. 


After Strophanthus. 


5 minutes . ‘ 6 6 As last noted; perhaps the relaxation of the ventricle in 
diastole is less complete. 
LO. = : : 6 6 Ventricular systole is a little more complete ; the auricles fill 
and empty well. 
15, . : 5 5 Contractions regularand powerful; ventricular diastole occupies 


one-half of the cycle and begins before auricular systole ; in 
systole the ventricle becomes very small and very pale. 

i: Sale - ; A 8s Slight pauses in diastole are occurring. 

LY ee ; é ate ee Five auricular and five ventricular contractions occur in 30 
seconds ; the slowness is due to diastolic pauses after each 
relaxation of the heart. 


19 Fe ; : ae Pec Three auricular and three ventricular contractionsin 30 seconds; 
in systole the ventricle becomes very small] and pale. 

20 Sa Be? a Inserted 0:000025 gram of atropine sulphate in solution 
inside the pericardial sac. 

22 - ; : Sa: se Four auricular and four ventricular contractions in 30 seconds ; 


characters as last noted. 
. : <ul see am As at 19 minutes. 
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Contractions in 10 seconds, 


Ventricle. 


Interval. 
Auricles. 

After Strophanthus. 
30 minutes 

35 ” 

37 ” 

an 

40 5 

47 5 

BO. 5 

62 3 
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Experiment LVII.—continued. 


Notes. 


Four auricular and four ventricular contractions in 30 seconds ; 
in systole the ventricle is very small and pale, in diastole it 
becomes mottled and does not expand much; the auricles 
fail to drive their contents into the ventricle ; at times long 
pauses occur during which the ventricle is in moderate 
diastole. 

A pause of more than 30 seconds occurred, during which the 
auricles were dilated and the ventricle contracted, then the 
whole heart gave a single contraction after a general struggle, 
and resumed the pause. 

Another general struggle followed by a single contraction of 
the heart. 

Another general struggle; this time the heart did not con- 
tract, but remained with auricles dilated and ventricle 
contracted. 

Unchanged ; another general struggle occurred, but did not 
affect the heart. 

Heart still arrested ; general reflexes elicitable. 

The ventricle of the heart is not acid on section. 

The ventricle is distinctly acid to litmus paper. 


These experiments indicate that, when the characteristic effects of S. sarmentosus 


have been developed in the heart, subsequent paralysis of the vagus by atropine does 
not modify them nor prevent the further development of the Strophanthus action. 


Strophanthus after Atropine. 


Experiment LVIII.—0-000025 gram of sulphate of atropine, followed by 0°0002 
gram of extract of S. sarmentosus (Rana temporaria). 


Contractions in 10 seconds, 


Interval. Notes. 
Auricles. | Ventricle. 
Before Strophanthus. 
13 minutes . : 8 8 Contractions regular and powerful; ventricular systole 
occupies two-thirds of the cycle. 
1. ,, 0000025 gram of atropine sulphate in Ringer’s solution 
inserted within the pericardial sac. 
5 8 8 As first described. 
0:0002 gram of extract of Strophanthus dissolved in 
Ringer’s solution inserted inside the pericardial sac. 
After Strophanthus. 
) 3 minutes . : 8 8 Unchanged. 
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Haperiment LVIII.—continued. 


Contractions in 10 seconds, 


Interval. eT (i Notes, 
Auricles, | Ventricle, 

After Strophanthus. 

8 minutes . ‘ ff if Contractions regular and powerful; in systole the ventricle 
becomes smaller and paler than at first; im diastole the 
ventricular movement seems larger, 

(hae A : : 7 7 As last noted, ventricular movement in diastole is distinctly 
greater ; the auricles contract well. 

7 ar 7 i Contractions regular and powerful; ventricular systole 
occupies two-thirds of the cycle; ventricular diastole is abrupt. 

40 ,, t 7 Ventricular diastole begins before auricular systole. 

see 8 4 Two contractions of the auricles precede each ventricular 
contraction. 

BBY a, , : 7 it As after 40 minutes. 

46, : : 4 4 Ventricular diastole now occupies two-thirds of the cycle; 
the ventricle seems less small in systole; auricular systole 
accompanies the second third of ventricular diastole. 

DB- 5; 4 As last noted. 

lig ae ; : 4 4 ‘Do. 

ees : : ns me Seven auricular and seven ventricular contractions in 20 
seconds ; characters as last described. 

110); : : 4 4 Regular and powerful contractions; ventricular diastole 
occupies three-fourths of the cycle, auricular systole corre- 
sponds to the third fourth ; in systole the ventricle becomes 
very small and pale; in diastole its movement is large. 

NAG! ; 4 4 As last described. 

3 hours 45 mins. 4 + Contractions regular and powerful; ventricular diastole 
occupies one-half of the cycle; ventricular movements are 
large. 

15 hours. ; 6 3 Contractions are powerful; the ventricular movements, 
systolic and diastolic, are large ; two auricular contractions 
precede each ventricular one. 

22 a , ; ae Te The auricles are contracting; the ventricle is arrested and 
semi-contracted ; on section the ventricular muscle is acid in 
reaction. 


Experiment LIX.—0‘000025 gram of sulphate of atropine, followed by 0:0004 gram 
of extract of S. sarmentosus (Rana temporaria). 


Contractionsin 10 seconds, 
Interval. ——————————— Notes. 


Auricles, Ventricle. 


Before Strophanthus. 


10 minutes . : 8 8 Contractions regular and powerful; ventricular systole 
occupies two-thirds of the cycle. 
i te : : 8 8 As last noted. 
Sis d ; a ae 0:000025 gram of atropine sulphate in Ringer’s solution 
inserted within the pericardial sac. 
re A? > ; 8 8 Ventricular diastole is not so large. 
0:0004 gram of extract of Strophanthus in Ringer’s solution 


inserted within the pericardial sac, 
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Contractions in 10 seconds. 


Expervment LIX.—-continued. 


Interval. Notes, 
Auricles, | Ventricle. 

After Strophanthus. 

3 minutes . 8 8 The ventricle tends to contract more powerfully. 

i ,, 8 8 Do. do. 

i — 8 8 Do. do. 

20 ,, a 7 Contractions regular ; the auricular movements are good ; the 
ventricle becomes very small and pale in systole ; in diastole 
it is only moderately large. 

5) 5 5 The ventricle contracts well, but in diastole it shows pouches 
at the apex and does not dilate much; ventricular systole 
occupies two-thirds of the cycle. 

30 ., 5 3 Two auricular contractions precede each ventricular; the 
ventricle is small. 

SD 5; 5 2 Do. do. 

40°, 4 4 Regular contractions ; ventricular diastole now occupies two- 
thirds of the cycle, and begins before auricular systole; the 
auricles fail to drive all their contents into the ventricle ; 
the ventricle contracts well, but does not dilate well; no 
pouchings occur now. 

40" 5 5 5 Do. do. 

BOE), 3 3 Regular in time; ventricular diastole occupies three-fourths 
of the cycle; the ventricle contracts and expands well; the 
auricles fill and empty well. 

(ae Five auricular and five ventricular contractions in 30 seconds 
at irregular intervals ; diastolic pauses are well marked. 

Soe 55 3 3 As at 50 minutes. 

100 ~ ,, 3 3 Do. 

205°, 3 3 Do. 

5 2 2 Regular and powerful contractions ; slowness is due to regular 
pauses in diastole; in systole, the ventricle becomes very 
pale and small, in diastole it expands well. 

25, Ten auricular and ten ventricular contractions in 60 seconds; 
characters as in last note. 

145) —,, 2 2 Regular and very powerful, as at 115 minutes. 

HGO”,, 2 2 Do. do. 

HS! CC; 2 2 Sometimes only one contraction of all chambers occurs in 10 


6 hours 55 mins. 


a 10 ., 
ae 
a 68, 
me, 22. ,, 


seconds, owing to long diastolic pauses. 

Eight auricular and eight ventricular contractions in 30 seconds 
and at irregular intervals; irregular pauses occur with all 
chambers widely dilated; contraction begins as a wave 
over the auricles from left to right; the ventricle becomes 
very small and pale in systole. 

Two to four auricular contractions precede each ventricular 
one. 

All chambers arrested in full diastole; occasionally the 
auricles contract superficially. 

Seven auricular and seven ventricular contractions in 30 
seconds, as at 6 hours 55 minutes. 

Final arrest of the heart with all chambers widely dilated. 
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These experiments show that the administration of atropine before extract of 
S. sarmentosus does not prevent the occurrence of those changes in the heart of the 
frog which are characteristic of the action of Strophanthus when the vagus is active. 


Heart Perfusion through the Hepatic Vein. 


This method of obtaining a graphic record of the movements of the frog’s heart has 
been in use for some time. In the following experiments a constant head of fluid was 
not used, as the most satisfactory results were obtained by adjusting at the beginning 
of the experiment the inflow of fluid into the heart so as to give the best movements 
for each heart employed. When this was obtained, it was kept constant throughout 
the experiment. Rana esculenta was used and frogs weighing 30 to 40 grams were 
selected. The brain was destroyed. 

Experiment LX.—Heart perfusion (Rana esculenta), first with Ringer’s solution 
and then with S. sarmentosus extract in Ringer’s solution (1 in a million). (Plate IV.) 


12.48 p.m. During the perfusion of Ringer’s solution only, the rate of the heart’s contractions is 34 
per minute and the size of the movement is 12 mm. (Fig. 1.) 
1 p.m. At this time, when the extract is first perfused, the rate of contraction is 30 per minute 
and the extent of the movement is 11 mm. (Fig. 2.) 

1.5. Five minutes after the perfusion of extract began, the rate of contraction is 27 per minute 
and the size of the movement is 11mm. (Fig. 3.) 

1.17. The rate of contraction is 24 per minute and the size is 12 mm. The diminished rate is 
seen to be due to lengthening of the diastolic pause. (Fig. 4.) 

2.30. The rate of contraction is 24 per minute and the sizeis 12mm. The auricular contraction 
is seen to occur very quickly after diastole, and a small notch on the up-stroke indicates 
how the auricles begin to relax before the ventricle contracts. (Fig. 5.) 

2.50. Rate 24 per minute ; extent 10 mm. 

2.52. Rate 25 per minute; extent 10 mm. 

3.5. Rate 25 per minute; extent 10 mm. (Fig. 6.) Short pauses in diastole are well seen. 
After each the first auricular contraction is larger. The ventricular contraction is 
smaller than before. 

3.15. Rate 28 per minute; extent 9mm. (Fig. 7.) The diastolic pauses have disappeared ; the 
diminished extent of movement is in the ventricular part of the tracing. 

3.42, Rate 24 perminute; extent 8mm. (Fig. 8.) The notch due to relaxation of the auricles 
before the ventricle contracts is well seen; the diminished extent of the movement is 
seen to be due to the ventricular movement. 

3.54. Rate 25 per minute; extent 7mm. As last described. 

4p.m. Rate 23 per minute; extent 7 mm. 

4.15. Rate 23 per minute; extent 7 mm. 

4.30. Rate 22 per minute; extent 5 mm. (Fig. 9.) The auricular movement is larger than at 
first and now exceeds the ventricular. In diastole all chambers are very large, and in 
systole the ventricular contraction is imperfect. 

5.13. The highest contractions are ventricular; all the others are auricular. (Fig. 10.) Con- 
tractions occur in series. Each series begins and ends with an auricular contraction ; 
otherwise the auricles and ventricle contract alternately. The auricles relax again 
before the ventricle contracts. All chambers are very large in diastole ; ventricular 
systole is very feeble ; auricular systole is good. 

5.30. As at 5.13, 
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5.53. Both the auricles and the ventricle contract imperfectly, but specially the ventricle. Con- 
tractions occur in sets of three. (Fig. 11.) Each set begins and ends with an auricular 
contraction, while the middle contraction is ventricular. 


6pm. Do. 
6.10. Only the auricles now contract and that imperfectly. All the chambers are engorged 
and the ventricle shows no sign of movement. The auricular contractions are feeble 


and superficial. (Fig. 12.) 


In this experiment the rate of the heart was slowed; the extent of the ventricular 
movement became gradually lessened until the ventricle was arrested in extreme 
diastole ; the auricular movement became a little larger; the auricles continued to 
contract after the ventricle was arrested, and finally they were arrested in extreme 
diastole. Diastolic pauses occurred several times in the course of the experiment. 


Complete paralysis of the heart resulted in 6 hours. 
Expervment LX I.—Heart perfusion (Rana esculenta) with extract of S. sarmentosus 
in Ringer’s solution (1 in 200,000), after perfusion with Ringer's solution alone. 


(Plate V.) 


3.38 p.m. Before Strophanthus, the rate of contraction was 27 per minute, and the size of the move- 
ment was 13mm. (Fig. 1.) 
3.40. Strophanthus perfused. 
3.45. Rate 31 per minute; size of movement 14mm. (Fig. 2.) 
4p.m. Rate 24 per minute; size of movement 15 mm. (Fig. 3.) 

4.15. Rate 22 per minute ; size of movement 16 mm. (Fig. 4.) 

4.30. Rate 18 per minute ; size of movement 15 mm. 

4.40. Rate 14 per minute; size of movement 16 mm. (Fig. 5.) The slowing is seen to be due 
largely to a lengthening of the diastolic pause ; the movements are also more deliberate 
than at first. 

4.44, Rate 14 per minute; size of movement 15 mm. ; 

4.55. Rate 13 per minute; size of movement 14 mm. (Fig. 6.) A small notch due to the 
auricular contraction is visible. Ventricular relaxation is diminished. 

5.10. Rate 16 per minute; size of movement 9 mm. (Fig. 7.) The diminution in size is due 
to diminished relaxation of the ventricle in diastole. Finally the heart was arrested with 


the ventricle firmly contracted. 


In this experiment, there was a brief period of acceleration of the heart’s rate soon 
after Strophanthus; this was soon followed by slowing of the rate; the size of the 
movement was greatly increased, and the diastolic pause was lengthened ; recularity of 
contraction was maintained; ultimately the ventricle dilated imperfectly, the rate 
increased again a little, and the ventricle was finally arrested in systole. 

Experiment LXII.—Heart perfusion (Rana esculenta): Ringer’s solution followed 
by S. sarmentosus in Ringer’s solution (1 in 60,000). (Plate VI.) 


12.4 p.m. Before Strophanthus, the rate of contraction was 37 per minute, and the size of the move- 
ment was8mm. (Fig. 1.) 
12.12. Strophanthus perfused. (Fig. 2.) 
12.28. Rate 31 per minute; size of movement 8mm. (Fig. 3.) Definite increase in the auricular 
movement, 
12.35. Rate 28 per minute; size of movement 9 mm. 
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12.46. Rate 21 per minute; size of movement 10 mm. (Fig. 4.) 
12.54. Rate 18 per minute ; size of movement 10 mm. 
1 p.m. Rate 14 per minute; size of movement 11 mm. (Fig. 5.) This additional millimetre is 
in the ventricular movement, 
1.7. Rate 10 per minute ; size of movement 12 mm. (Fig. 6.) Further increase in ventricular 
movement. 
1.15. Rate 10 per minute; size of movement 13 mm. Further increase in ventricular move- 
ment ; occasionally long pauses in diastole occur. 
1.20, Rate 8 per minute ; size of movement 13 mm. (Fig. 7.) With secondary contraction of 
the ventricle. 
1.25, Rate 4 to 8 per minute; size of movement 13 mm. 
1.28. Long diastolic pauses and another secondary contraction of the ventricle. (Fig. 8.) 
1,32. Diastolic pauses of irregular length. (Fig. 9.) 
1.40. Rate 4 per minute ; size of movement 14 mm. 
1.47. Long diastolic pauses ; the auricular movement is a little smaller. 
1.50. Do. (Fig. 10.) 
2p.m. Rate 11 per minute; size of movement 10 mm. The movement is almost entirely ventri- 
cular ; the auricles are distended and contract superficially only. 
2.7. Rate 5 per minute; size of movement 8 mm. As in previous note. 
2.14. Rate 3 per minute ; size of movement 7 mm. 
2.23. Rate 2 or 3 per minute ; size of movement 7 mm. 
2.31. Rate 2 or 3 per minute; size of movement 6 mm. (Fig. 11.) The movement is entirely 


ventricular; the auricles are greatly dilated; the ventricle ultimately became arrested 
in diastole. 


In this experiment, the rate of the heart’s contractions was much slowed; the 


auricular movement, as well as the ventricular, was considerably increased, and long 
diastolic pauses occurred; within 2 hours 30 minutes, the auricles were greatly dis- 
tended and their movement was so feeble as to be unrecorded ; within 3 hours, the 
ventricle was also distended and paralysed. 

Experiment LX ITI.—Heart perfusion (Rana esculenta) : Ringer’s solution followed 
by S. savmentosus in Ringer’s solution (1 in 20,000). (Plate VIL.) 


11.37 a.m. Before Strophanthus, the rate of contraction was 26 per minute, and the size of the move- 
ment was 8mm. (Fig. 1.) 
12.5 p.m. Strophanthus perfused. (Fig. 2.) 

12.10. Rate 28 per minute; size of movement 12 mm. This increase is entirely in the ventri- 
cular movement. 

12.15. Rate 26 per minute; size of movement 13 mm. (Fig. 3.) 

12.25. Rate 14 per minute; size of movement 11 mm. (Fig. 4.) The slowing is due to longer 
diastolic pauses; the ventricular movement is smaller; the auricular is larger; the 
ventricle does not relax well. 

12.30. Rate 5 to 6 per minute. (Fig. 5.) This figure shows that the ventricle relaxed less and 


less after each contraction ; at 12.32 the record is entirely auricular and the ventricle is 
firmly contracted. By 12.45 the auricles were also motionless. 


In this experiment, the rate of the heart was slowed, lengthening of the diastolic 
pause occurred, and at first the range of ventricular movement was increased. But 
the ventricle soon ceased to relax properly and then became arrested in systole; the 
auricles continued beating after arrest of the ventricle. 
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Experiment LXIV.—Perfusion of the isolated ventricle of the frog’s heart (Rana 
temporaria) with Ringer’s solution, followed by extract of S. sarmentosus in Ringer’s 
solution (1 in 20,000). (Plate VIII.) 


4.20 p.m. Before Strophanthus, the rate of contraction was 10 per minute, the size of the movement 
was 14 mm., there was no systolic pause, and the diastolic pause was well marked. 
(Fig. 1.) 

4.22. Strophanthus perfused. (Fig. 1.) 

4.24, Rate 12 per minute; size of movement 15 mm. (Fig.1.) The diastolic pause is shorter 
and the systolic movement of the ventricle is increased. 

4.27. Rate 19 per minute ; size of movement 17 mm. (Fig. 2.) The diastolic pause has almost 
disappeared and a systolic pause is beginning to appear. 

4.28. Rate 24 per minute; size of movement 17 mm. (Fig. 2.) There is no diastolic pause ; 
evidence of imperfect relaxation of the ventricle is seen. 

4,32, Rate 20 per minute; size of movement 14 mm. (Fig. 2.) The movements are becoming 
irregular in time and are quite irregular in size. The level of ventricular systole is 
almost a straight line and there is a distinct systolic pause; the level of the diastolic 
movement is very irregular, owing to the relaxation of the ventricle being imperfect. 
Occasionally a complete relaxation occurs, 

4.38, Rate 15 per minute; size of movement 14 mm. (Fig. 3.) The systolic pause is very 
distinct, the diastolic pause is beginning to reappear, and the movements are regular in 
time and extent. This part of the tracing is like the normal inverted. 

4.42, Rate 11 per minute; size of movementll1mm. (Fig. 3.) The systolic pause is diminishing 
and the diastolic is increasing. The notch at the beginning of the up-stroke is due to 
the inrush of fluid during relaxation slightly over-distending the ventricle. The elasticity 
of the muscle overcomes this and the rebound is marked on the tracing. 

4.47. The diastolic pause has become very distinct and the systolic has disappeared. The ventricle 
became arrested in semi-diastole for 5 minutes, and then resumed its contractions 
spontaneously. (Fig. 4.) 

4.53. Spontaneous movements of the ventricle after a long pause. (Fig. 5.) 

4.57. Peristaltic movements of the ventricle are now visible after contraction, and the tracing 
(Fig. 5) gives a record of the largest. 

5 p.m. The ventricle has ceased contracting and is in semi-diastole. It did not contract 
spontaneously after this. 

5.5. Peristaltic movements are still visible at the apex. 


In this experiment, in which the isolated ventricle was poisoned by Strophanthus, 
there occurred a very distinct increase in the systolic movement of the ventricle and 
an increase in the rate of contraction, accompanied by a decrease in the length of the 
diastolic pauses. As the diastolic pauses disappeared, systolic pauses developed, and 
the relaxation of the ventricle became incomplete. The heart again became slowed— 
this time as a result of regular pauses in systole. Finally the systolic pauses became 
shorter and shorter; diastolic pauses reappeared and were longer than ever; the 
ventricle at one time remained in semi-diastole for 5 minutes and then contracted 
regularly and spontaneously ; then peristaltic movements of the ventricle occurred 
after each contraction, and ran from base to apex, and when the ventricle was per- 
manently arrested in semi-diastole, these peristaltic movements continued at the apex. 

These perfusion experiments give results which agree with those obtained by the 
direct application of the extract to the heart’s surface, and they also indicate more 


394 SIR THOMAS R. FRASER AND MR ALISTER T. MACKENZIE ON 


clearly that with large doses there is an initial increase in the rate of the heart's 
contractions. ‘They show that small doses of extract of S. sarmentosus tend to 
produce arrest of the heart in diastole, whereas large doses usually cause the heart to 
stop in systole. The increase in the range of cardiac movement, systolic and diastolic, 
is further emphasised, and it is seen that the auricles share it with the ventricle. The 
lengthening of the diastolic pause is well seen in the graphic records. (Plate VI.) 


(b) Blood-vessels. 


To investigate the action of S. sarmentosus on the blood-vessels, experiments were 
performed on frogs (Rana temporaria) whose brain and spinal cord had been destroyed. 
A cannula was tied into the ductus arteriosus, and the sinus venosus was divided. 
Ringer’s solution was perfused from a constant level, maintained by Marriotte’s 
flasks. When the blood had been entirely washed out of the vessels, the outflow was 
collected in graduated glass measures, and the amount passing through the vessels each 
minute was thus obtained. When a normal flow was established, the contents of one 
of the other Marriotte’s flasks containing a solution of extract of S. sarmentosus in 
Ringer’s solution was perfused instead of simple Ringer’s solution. In this way, the 
effect of Strophanthus upon the blood-vessels was obtained. In some experiments a 
solution of digitalin (pure, Merck) in Ringer's solution was perfused after the 
Strophanthus solution in order to emphasise the difference in their effects on the blood- 
vessels. 

In these experiments, the level of the solutions above the ductus arteriosus was 65 
inches ; the temperature of the laboratory varied from 52° to 56° F.  Ringer’s solution 
by itself had practically no effect on the calibre of the blood-vessels in two hours. 

The following experiments are representative of the series :— 


[Experiment LXV. 
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Experiment LXV. (Rana temporaria).—Ringer’s solution only (Plate [X.). 


ro iors < Flow per Minute were Flow per Minute eee : Flow per Minute 
Time in Minutes. Ee Oe: Time in Minutes. Z a Time in Minutes. a aie 
1 2:7 42 2°9 83 Bell 
2 2°8 43 31 84. 3°2 
3 2°9 44 2°9 85 3°1 
4 2°8 45 2:9 86 31 
5 2°8 46 3:0 87 Bee 
6 2°8 47 2°8 88 3°0 
7 2°7 48 2°9 89 371 
8 2°8 49 3°1 90 3°2 
9 2°8 50 2°9 91 31 
10 2°9 51 30 92 31 
11 2°7 52 3°0 93 3:2 
12 257 53 2°9 94 3:0 
13 2°9 54 2-9 95 29 
14 2°8 55D 3:1 96 3:2 
15 WET 56 3:0 97 371 
16 3:0 57 3:0 98 3:0 
17 eh 58 3°1 99 31 
18 2:7 59 2°8 100 30 
19 3:0 60 2°8 101 2°9 
20 2°8 61 31 102 3:0 
21 27 62 3°0 103 3°0 
22 3°0 63 2°9 104 2°9 
23 2°8 64 3°0 105 3°1 
24. 2°9 65 2:9 106 2°9 
25 2°9 66 2°8 107 2°9 
26 2°9 67 33 108 3°0 
27 2°8 68 371 109 2°8 
28 3°0 69 3:0 110 29 
29 2:9 7 Ill 3°0 
30 2°6 71 112 2°8 
31 2°8 "2, 113 2°8 
32 2°9 73 114 30 
33 2°8 74 115 2°9 
34 2°9 75 me 116 2°8 
35 2°7 76 3°2 117 2°9 
36 2°8 77 371 118 2°9 
37 2°9 78 3°2 119 27 
38 2°9 ih 3°2 120 3°0 
39 2°9 80 3:2 121 2°9 
40 3°0 81 3:2 
4] 2°8 82 371 


The frog weighed 43 grams before and 51 grams after this experiment—a gain of 
8 grams, owing to cedema. 


[Lapervment LX VI. 
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Experiment LXVI. (Rana temporaria).—Ringer’s solution; then extract of 
S. sarmentosus in Ringer’s solution (1 in 25,000); then digitalin* in Ringer's solution 
(1 in 20,000). (Plate IX.) 


Time in Minutes. Flow a ee Time in Minutes, flow ome Time in Minutes, Hoy 
1 1:2 31 1ES 63 12 
2 14 32 1:4 64 eal 
3 1-4 33 1:4 65 11 
4 14 34 14 66 11 
5 16 35 1-4 67 11 
6 15 36 ies 68 11 
7 14 37 1-4 69 11 
8 1:4 38 1-4 70 11 
9 14 39 13 71 1:2 

10 IP ef 40 14 72 11 
al 18 4] 14 73 itei 
12 lc) 42 14 74 1:0 
iz Ht a = Digitalin perfused. 
45 13 75 11 
Strophanthus perfused. 4G Id a3 a 
15 14 47 1:4 TG 11 
16 11-5; 48 11°33 78 11 
We 1-4 49 12 79 0°6 
18 25) 50 i153} 80 0:3 
19 14 eDili ey) 81 0:3 
20 155 52 1:2 82 0:3 
21 115) 53 1:3 83 0:3 
22 14 54 13 84 0:2 
23 15 55 133 85 0:2 
24 14 56 103} 86 0-1 
25 1:4 57 12 87 0-1 
26 1:4 58 12 88 O01 
27 14 59 1:2 89 Ol 
28 al) 60 Ie} 90 0:05 
29 127 61 1:2 
30 15 62 1-2 


The frog weighed 20 grams before and 24 grams after the experiment—a gain of 
4 grams. 

The blood-vessels were practically unaffected by this solution of S. sarmentosus 
extract in 60 minutes, and then digitalin produced nearly complete occlusion in 15 
minutes. 

* Tn this and the following experiment, Merck’s “ Digitalin pur. pulv.” was used. Its minimum-lethal dose for 


frogs was found to be 0-045 gram per kilo., or thirteen times larger than that of the extract of S. sarmentosus (0°0035 
gram per kilo.) used in our experiments. 


[ Experiment LX VII, 
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Haperrment LXVII. (Rana temporaria).—Ringer’s solution; then extract of 
S. sarmentosus in Ringer’s solution (1 in 10,000); then digitalin in Ringer’s solution 
(1 in 20,000). (Plate IX.) 


Retanutes, Flow per Minute Mane ia Minutes: Flow per Minute aime in, Manion. Flow per Minute 
in ¢.c. in ¢.c¢, in ¢.c. 
1 Do 30 2°4 61 2:0 
2 27 31 Dre 62 21 
3 Der 32 2°4 63 2:0 
4 2°5 33 2°6 64 18 
5 2°5 34 2°5 65 2°0 
6 2°5 35 2°3 66 1:9 
ie 25 36 2°4 67 1:9 
3 2°5 37 2°6 68 18 
9 2°4 38 2°4 69 1:9 
10 2°6 39 272 70 1:9 
11 2°6 40 2°4 (ll 2:0 
12 2°5 4] 2°5 72 1:8 
13 Ws 42 2°3 ie 1:8 
14 225 43 2:2 T4 18 
Strophanthus perfused. a a Digitalin perfused. 
15 2°5 46 well 75 1:8 
16 2°4 47 Dee 76 1:9 
17 2°4 48 Delt rn 1:8 
18 2°3 49 2°4 78 0:7 
19 24 50 22 79 05 
20 222 51 2°2 80 0-4 
21 A459) 52 2 81 0-4 
22: 2°3 53 2°3 82 0°3 
23 Paap) 54 21 83 0:2 
24 2°4 55 2°0 84 0:3 
2D P35) 56 20 85 Orl 
26 2°4 57 7A) 86 01 
Di 2:2, 58 PAP 87 01 
28 2°4 59 2:0 
29 2°6 60 1-9 


The frog weighed 30 grams before and 35 grams after the experiment—a gain of 


5 grams. 
In 60 minutes this solution of S. sarmentosus extract had caused a slight 


diminution in the outflow; 10 minutes after the perfusion of digitalin, the vessels 
were almost occluded. 


[Hxperoment LX VITI. 
TRANS. ROY. SOC, EDIN., VOL. XLVII. PART IT. (NO. 15). 59 
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Experiment LXVIII, (Rana temporaria)—Ringer’s solution; then extract of 
S. sarmentosus in Ringer’s solution (1 in 1000). (Plate IX.) 


SECRETE GIA Flow per Minute Wena ta htinntos: Flow per Minute mein Mandtes: Flow per Minute 
Ae in ¢.¢. in cc. 
1 2°9 31 15 63 07 
2 3-0 32 16 64 0°6 
3 3°0 33 15 65 0°6 
4 2°9 34 16 66 05 
5 30 35 16 67 0°6 
6 30 36 1-4 68 05 
a 2°9 37 14 69 0°6 
8 3°2 38 15 70 0:5 
9 3°0 39 14 el 0:5 
10 2°9 40 15 72 05 
1B | 2°9 4] 14 73 0-4 
12 2°9 42 14 74 0°3 
13 3°2 43 1-4 75 0°5 
14 3:0 44 1°3 76 0-4 
Strophanthus perfused. me He o Be 
15 3°1 47 1:3 (68) O-4 
16 3°0 48 1:2 80 0:3 
17 2:7 49 10 81 0-4 
18 2°2 50 10 82 0-2 
19 2°3 51 cil 83 0-4 
20 2°4 52 1:0 84 0-2 
21 2°4 53 1-0 85 03 
22 Dell 54 0:9 86 0-4 
23 2°1 55 1:0 87 0:2 
24 2°0 56 0°9 88 0°3 
25 leg) 57 1:0 89 0:3 
26 1:8 58 0:9 90 0-2 
27 iy 59 0°8 91 03 
28 16 60 0-7 92 0-2 
29 ey 61 0:8 
30 ey 62 0°6 


The frog weighed 31 grams before and 39 grams after this experiment—a gain of 
8 grams. 

This strong solution of the extract produced a gradual diminution of the calibre — 
of the vessels and in 70 minutes they were almost occluded. But a solution of 
digitalin twenty times weaker produces a more complete occlusion of the vessels in 
less than 15 minutes, while, in the same time, the above solution of Strophanthus” 
extract causes only a moderate contraction. 7 

From these and other experiments it appears that dilute solutions of the extract 
(1 in 25,000 and upwards) do not produce contraction of the blood-vessels of the frog; 
stronger solutions (1 in 10,000) cause a very slight contraction, best seen where the 
vessels are already dilated ; and very strong solutions (1 in 1000) have a moderately 
powerful action in contracting the blood-vessels, though they are not occluded in one 
hour. In comparison with digitalin, S, sarmentosus has a very feeble action on the 
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blood-vessels. It may be pointed out that the presence in the blood of a man 
weighing 11 stones of a solution of 1:10,000 would imply the subcutaneous 
administration of at least 0°54 gram of the extract, or more than twice the probable 
minimum-lethal dose, and, therefore, a dose that has no therapeutic interest. 


(c) Blood-Pressure Haperiments. 


Blood-pressure experiments were performed on rabbits, the record being made by a 
Ludwig's kymograph connected with the right carotid artery. The time marked on each 
ficure corresponds to the first movement of the time-signal recorded on that tracing. 

In the first two experiments, no other factor than the administration of Strophan- 
thus was introduced. In the third experiment, the vagus was stimulated from time to 
time. In the fourth experiment, atropine was administered along with Strophanthus. 

Lxperrment LXIX.—Weight of rabbit, 1900 grams. 0°00171 gram of extract in 
0°855 cc. of Ringer's solution injected into the left jugular vein (=0°0009 gram per 
kilogram). (Plate X.) 


Blood-pressure 
Substance EO. Lek Pulse- |} Respira- | No. of 
Time. administered, rate per; tions per  Trac- Notes. 
and its Dose. Ree eilantery | Aver: 10 sec.} 10sec. ing. 
mum. | mum, age. 
12.17.10 “ie 84 78 81 36 14 1 | Pulse movements ] mm. 
12.17.50 ate 86 78 82 35 13 2 Do. 
12.18.0 Extract of 
to Strophanthus, 
12.18.10 | 0°0009 gram per 
kilogram, injected 
into jugular vein. | 
12.19.20 se 112 | 104 | 108 34 12 3 | Pulse movements 1 mm. and 1:5 mm. 
alternately. 
12.21.0 104 | 100 | 102 35 12 4 | Do. Respiratory movements increased. 
12.23.50 55 90 84 87 39 14 5 | Pulse movements 1 mm. and less, some- 
what irregular. 
12.26.40 fii 84 72 78 48 16 6 | Pulse movements very small. Respira- 
| tory movements continue to be large. 
Blood-pressure varies rapidly. 
12.28.40 a6 96 70 83 52 18 Wo: 
12.36 sis 76 76 76 37 15 8 | Pulse movements 05 mm. Respiratory 
movements continue large. Level of 
| blood-pressure is constant. 
12.55 aco , 72 72 72 43 i | Do. 
1.10.30 dys 58 58 58 42 15 ... | Pulse movements very small. Respira- 
tory movements continue to be large. 
Height of blood-pressure constant. 
1.55.10 bbe 54 54 54 38 12 nats Do. 
2.40 sa 72 72 72 36 12 eee eDo: 
3.18 coc 70 70 70 34 10 10 | Do. 
3.18.50 | Extract of 
to Strophanthus, 
3.18.55 | 0°0009 gram per 
kilogram, injected. 
3.19.55 bor 78 64 71 {| 32 10 11 | Pulse movements small. Respiratory 
movements large. Height of blood- 
: pressure varies rapidly. 
3.20.50 Sop 70 58 64 | 29 13 12 | Do. 
3.21.20 a 58 46 52 |; 7? 13 13 | Rapid fall in blood-pressure. 


400 SIR THOMAS R. FRASER AND MR ALISTER T. MACKENZIE ON 


At 8.23.40 the blood-pressure rose from 14 mm. to 42 mm. It then fell rapidly 
to zero and did not rise again, though respiratory convulsions occurred at 3.26 and 
afterwards. 

At 3.35, the heart was exposed ; it was motionless and did not respond to mechanical 
stimulation. The right auricle was large and dark blue in colour ; and the left auricle 
was moderately large and mottled dark blue and bright red. The right ventricle was — 
small and contained dark venous blood, and on section it was found not to be tightly 
contracted. The left ventricle was small, and on section a small quantity of bright red 
blood was found in it; its cavity was not obliterated, and its muscle was faintly acid in 
reaction to litmus paper. 

In this experiment, the blood-pressure rose immediately after injection, and for 
about 5 minutes (until 12.23.50) (fig. 5) the average pressure was greater than before 
injection ; thereafter the pressure fell gradually, except for some periods of spasmodic 
increase, as at 12.28.40 (fig. 7). The lowest average pressure occurred at 1.55.10. 
Thereafter the blood-pressure gradually rose, but did not attain the height at which it 
had been before the injection. After the second injection at 3.18.50, the blood-pressure 
rose for a brief period, but its height oscillated rapidly and within four minutes it had 
fallen to zero. 

The pulse movements became distinctly increased during the initial rise of blood- 
pressure and showed an irregularity occurring at every second movement; the rate of 
the pulse was also increased during this period. As the blood-pressure fell, the pulse 
movements became more feeble (fig. 5), and when the most rapid variations in blood- 
pressure were occurring (fig. 6) these movements were very indistinct. When the 
average blood-pressure was lowest (1.55.10), the pulse-rate had returned to the normal, 
but the pulse movements were still very feeble. The secondary gradual rise in the 
blood-pressure was accompanied by an improvement in the pulse movements (fig. 10). — 
The pulse movements showed no improvement after the second injection, and they 
rapidly became extremely feeble, 

An increase in the rate and in the size of the respiratory movements accompanied 
the initial rise of blood-pressure. The greatest increase in the respiration rate and 
movements coincided with the greatest oscillations in blood-pressure, and with the 
greatest rapidity of the pulse (12.28.40) (fig. 7). Thereafter the respirations became 
slowed, but their movements continued to be larger than before injection. They 
remained regular in time and of large size after the second injection, until the blood- 
pressure fell to zero. This fall in blood-pressure was followed by respiratory 
convulsions. 


[Hxperiment LX X. 


Experiment LX X.—Weight of rabbit, 1520 grams. 


STROPHANTHUS SARMENTOSUS: 


ITS PHARMACOLOGICAL ACTION. 


injected into the left jugular vein in four equal parts. 


per kilogram, and the total dose = 0:0008 gram per kilogram. 
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0°001216 gram of extract 
Each injection = 0°0002 gram 
(Plate XI.) 


Blood-pressure 
Substance sn ob Gs Tle, Pulse- | Respira- | No. of 
Time. administered, rate per| tions per | Trac- Notes. 
and its Dose. Mis | WERE Aves 10sec.| 10sec. | ing. 
mum. | mum. age. 
3.24.10 bo 92 90 91 35 22 1 | Pulse movements less than 1 mm. 
3.25.20 Extract of 
to Strophanthus, | 
3.25.30 | 0:0002 gram per 
kilogram, injected 
into jugular vein. 
3.26.0 ee 94 88 91 36 24 508 

3.26.30 98 94 96 34 23 2| || Do. 

3.28.20 100 98 99 34 23 

3.29.10 98 96 97 33 23 Do. 

3.31.0 96 94 95 34 22 ace 

3.32.10 94 92 93 34 23 3 | Do. Respiratory movements diminished. 

3.35.10 | ee 94 88 91 34 24. 4 | A few pulse movements are 1 mm. 

3.35.40 Extract of 

to Strophanthus, 

3.35.50 | 0-:0002 gram per 

kilogram, injected. 

3.36.10 = 94 90 92 34 22 ee 

3.37.0 100 98 99 34 22 5 | Many pulse movements are 1 mm. 

3.38.10 100 98 99 34 22 500 0. 

3.40.0 be 98 96 97 35 23 6 | Do. 

3.41.10 Extract of 

to Strophanthus, 

3.41.20 | 0:0002 gram per | 

kilogram, injected. 

3.41.40 aes 100 92 96 33 24 eae Do. 

3.42.0 102 100 | 101 32 23 if 

3.44.10 100 98 99 33 23 

3.46.0 96 94 95 31 23 ... | Do. Respiratory movements smaller. 

3.47.40 100 94 97 28 24 8 | Many pulse movements are 2mm. The 
respiratory movements are much 
diminished. 

3.50.0 one 98 92 95 26 22 

3.50.40 Extract of 

to Strophanthus, 

3.50.50 | 0:0002 gram per 

kilogram, injected. 

3.51.20 os 98 92 95 27 22 ond 

3.52.10 106 94 | 100 25 23 9 | Some pulse movements are 2mm. ; oscilla- 
tions in the blood-pressure are well 
marked. The respiratory movements 
are feeble. 

3.53.0 110 98 | 104 23 24 ans Do. 

3.54.0 116 96 | 106 21 23 10 | Some pulse movements are 3 mm. 
These alternate with small movements. 
Respiratory movements are feeble, 
and the blood-pressure oscillates 
rapidly. 

3.55.30 90 70 80 11 6 Pulse movements of 4 mm. alternate with 
pulse movements of 2 mm. Respira- 
tory movements very large. 

3.56.20 98 68 83 13 11 | Large pulse movements occur. The 
respirations are very deep and sighing. 

3.57.10 90 13 12 | The pulse movements are moderately 
large. The blood-pressure rapidly 
falls to zero. 
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At 4.10 p.m., the heart was exposed. It was motionless and did not respond to 
mechanical irritation. On section, the ventricular muscle was acid in reaction. 

In this experiment, the first three injections were quickly followed by a slight rise 
in blood-pressure, which, however, was of brief duration. Immediately after the fourth 
injection, the blood-pressure began to undergo rapid variations. At first, the oscillations 
were almost regular in time and size (3.52.10) (fig. 9), but they soon became more 
irregular in time and of larger size (fig. 11). Meanwhile, the average blood-pressure 
fell, and in eight minutes after the injection it was almost zero (fig. 12). Thereafter, 
the pressure rose again as general spasms occurred. 

The pulse-rate was almost unaffected until 6 minutes after the third dose (3.47.40) 
(fig. 8), when it began to fall. After the fourth dose, a rapid fall in the pulse-rate 
occurred, which became more marked as the oscillations in the blood-pressure increased 
in irregularity (figs. 10, 11 and 12). The minimum pulse-rate was at 3.55.30, just 
before the blood-pressure oscillations became very irregular, and at the time when the 
average pulse movements were largest. 

The pulse movements were very slightly increased 10 minutes after the first 
injection (3.35.10) (fig. 4). This increase was more noticeable 2 minutes after the 
second dose (fig. 5). Six minutes after the third dose (3.47.40) (fig. 8), the increase in 
the pulse movements was very distinct, coincident with the slowing of the rate. In 
35 minutes after the fourth dose, still larger pulse movements occurred (fig. 10), 
accompanying a further slowing of the pulse-rate and the occurrence of rapid variations 
in the level of the blood-pressure; and the largest pulse movements of all were 
coincident with a marked slowing in the pulse rate and the greatest irregularity of the 
blood-pressure (figs. 11 and 12). 

The rate of the respirations was unaffected until after the fourth dose. ‘The size of 
the respiratory movements had diminished slightly before this time, and now marked 
slowing of the respirations was accompanied by a considerable increase in their size. 
At the end of the experiment, deep sighing respirations occurred, when the pulse-rate 
became slowest and the blood-pressure very irregular. These were followed by a short 
period of apncea and then by respiratory convulsions. 


[Experiment LXXI. 


EHxpervment LX XI.—Weight of rabbit, 1420 grams. 


STROPHANTHUS SARMENTOSUS: ITS PHARMACOLOGICAL ACTION. 


injected into the left jugular vein in four equal parts. 
per kilogram, and the total dose=0°0008 gram per kilogram. The vagus was stimu- 
lated at intervals before and after the administration of Strophanthus. 
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0°001136 gram of extract 
Hach injection = 0:0002 gram 


Blood-pressure 
in mm. of Hg. 


Substance Pulse-| Respira- | No. of 

Time. administered, rate per| tions per} Trac- Notes. 

and its Dose. Pree lenams || ser: 10 sec.} 10sec. | ing. 
mum, | mum. age. 
4.12 ace be ec ae ep Left vagus cut. 

4.26.40 78 76 77 40 8 Pulse movements small. Respiration 
waves large. 

4.27.30 Left vagus stimulated: secondary at 
100 mm. ; marked slowing of heart’s 
rate and fall in blood-pressure, tem- 
porarily. 

4.28.30 Jas 76 74 75 40 8 

4.29.20) Extract of 

to Strophanthus, 

4.29.30 | 0:0002 gram per 

kilogram, injected. 

4.30.20 sn 86 84 85 39 8 Pulse movements small. Respiration 
waves large. 

4.31.20 86 84 85 40 8 Do. 

4,32.30 84 82 83 38 8 Do. 

4.33.30 84 82 83 40 8 Do. 

4.33.40 ae se ae S06 sia Left vagus stimulated: secondary at 
100 mm.; heart slowed and blood- 
pressure fell, temporarily. 

4.34.30 82 82 82 40 8 

4.37.30 78 78 78 39 8 Pulse waves small. Respiration waves 
large. 

4.38.30 ee 78 76 75 41 8 Do. 

4.39.10 Extract of 

to Strophanthus, 

4.39.20 | 0:0002 gram per 

kilogram, injected. 

4.39.30 te 84 80 82 39 8 

4.39.50 Be We Aas ae, : Left vagus stimulated : secondary at 
100 mm.; heart slowed and pressure 
fell, temporarily. 

4.40.30 86 84 85 40 8 

4.41.20 file aS Noe oe We Left vagus stimulated: secondary at 
100 mm.; heart slowed and blood- 
pressure fell, temporarily. 

4.41.50 84 82 83 40 9 Pulse waves small and irregular in size. 
Respiration waves large. 

4.42.30 84 82 83 40 i) Do. 

4.46.30 84 84 84 40 9 Do. 

4.46.50 ei ae ey, ot x Left vagus stimulated : secondary at 
100 mm.; heart slowed and blood- 
pressure fell, temporarily. 

4.48.30 74 70 72 39 8 

4.49.30 68 66 67 49 9 Pulse movements very small. Respira- 

' tion waves large. 

4.49.50 Extract of 

to Strophanthus, 

4.50.0 | 0:0002 gram per 

kilogram, injected. 

4.50.30 ae 76 ne, 74 39 9 Each alternate pulse wave is larger. 
Respiration waves large. 

4.51.30 72 70 71 40 ih 

4.52.30 74 72 73 43 10 
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Experiment LX X I,—continued. 


Blood-pressure 
Substance ara Pulse- | Respira- | No. of 

Time. administered, |_—_—____________Irate per| tions per Trac- Notes. 

and its Dose. Wasi lanes 10 sec.| 10sec. | ing. 
mum. | mum, | age, 

4.52.40 _ ir: ase me wat * ... | Left vagus stimulated: secondary at 
100 mm.; heart slowed and blood- 
pressure fell, temporarily. 

4.53.30 ae 78 72 75 45 10 BaD 

4.54.30 nae 78 74 76 42 11 ... | Considerable variation in the size of the 
pulse waves. Respiration waves large. 

4.55.20 “ios 76 72 74 40 11 sca |) 1D%G: 

4.58.30 ae 70 66 68 41 10 soo || Dies 

4.58.40 Extract of ; 

to Strophanthus, 

4.58.50 | 0:0002 gram per 

kilogram, injected. 

4.59.20 me 72 64 68 40 11 ... | Regular oscillations in the height of the 
blood-pressure. Respiration waves 
large. 

5.0.10 ike ae ae ns aed nels ... | Left vagus stimulated : secondary at 
100 mm. ; heart slowed and slight fall 
of blood-pressure, temporarily. 

5.0.50 nee 64 60 62 38 10 poe 

5.1.20 re 74 8 ta ace ae ... | After this time, the blood-pressure fell 
to zero almost, but rose spasmodi- 
cally coincidentally with respiratory 
convulsions. ; 


In this experiment, the extract of S. sarmentosus did not paralyse, nor to any 
marked extent influence, the cardio-inhibitory function of the vagus. 
Kxpervment LX XIT.—Weight of rabbit, 1660 grams. 0°005 gram of sulphate of 
atropine in a single dose, and afterwards 0'001 gram of extract of S. sarmentosus in 
five equal parts injected into the jugular vein. The vagus was stimulated from time 
to time. 


Blood-pressure 
Substance Hat OE ee Pulse-| Respira- |No. of 
Time. administered, | —__—_________Irate per| tions per | Trac- Notes, 
and its dose. Maxi- | Mini- | Aver- | 10 See:| 10sec. | ing. 
mum. | mum. | age, 
3.18.20 ae oe hn ace re oe ... | Left vagus cut. 
| 3.19.20 ee 78 76 77 39 11 ... | Pulse movements small (less than 1 mm.). | 
Respiration waves large. y 
| 3.20.10 zit ites AP Be are see ... | Left vagus stimulated: secondary at 
100 mm.; heart slowed and blood- 
‘pressure fell temporarily. 
3.21.10 Sulphate of 
to Atropine, 
3.21.20 | 0:005 gram per 
kilogram, injected 
into left jugular 
| vein. 


| 3.30.0 ae 80 78 79 35 10 


Time, 


STROPHANTHUS SARMENTOSUS: ITS PHARMACOLOGICAL ACTION. 


Substance 
administered, 
and its Dose. 


Extract of 
Strophanthus, 
0:0002 gram per 


kilogram, injected. 


Extract of 
Strophanthus, 
00002 gram per 


kilogram, injected. 


Extract of 
Strophanthus, 
0:0002 gram per 


kilogram, injected. 


Extract of 
Strophanthus, 
0:0002 gram per 


kilogram, injected. 


Blood-pressure 
in mm. of Hg. 


Maxi- 


mum. 


76 


78 


76 


76 
76 


Mini- 
mum, 


72 


56 


70 
70 


Aver- 
age, 


75 


Pulse- 


10 sec. 


Respira- 


rate per] tions per 


10 sec. 


No. of 
trac- 
ing. 
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Experiment LX XII.—continued. 


Notes. 


36 


36 
34 
34 
35 


66 


73 
73 


37 


36 
36 


40 
40 
42 
40 


40 
40 
38 
37 
34 
37 


37 


35 


32 
33 


10 


: — 
7 OOOO 


11 


11 


11 
11 


Left vagus stimulated: secondary at 
100 mm. ; no effect. 
Do. at 50 mm. ; no effect. 
Do. at zero ; no effect. 
Pulse movements small. 


waves large. 


Respiration 


Left vagus stimulated: secondary at 
zero ; no effect. 

Pulse movements larger. 
waves large. 

Do. 

Do. 


Respiration 


Respiration waves large. 

Do. 

Do. 

Left vagus stimulated: secondary at 
zero ; no effect. 


Irregularities in the height of the blood- 
pressure are beginning to develop. 
Respiration waves large. 

Do. Many pulse movements are 2 mm. 
and larger. 

0. 


Left vagus stimulated: secondary at 
zero ; no effect. 

Some pulse movements 2 mm. 
tion waves large. 

Left vagus stimulated: secondary at 
zero ; no effect. 


Respira- 


Left vagus stimulated: secondary at 
zero ; no effect. 
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Experiment LX XIT.—continued. 


Blood-pressure 


in mm, of Hg. Pulse- | Respira- | No. of 


rate per| tions per| Trac- Notes. 


| 
Substance / 
| 10sec./ 10sec. | ing. 


Time. administered, 


and its Dose. | wraxi-| Mini- | Aver- 


| mum. | mum. | age. 


4.9.40 Sb 78 64 71 31 12 ... | Irregularities in the height of the blood- 
pressure are frequent. Pulse move- 
ments of 2 mm. occur. Respiration 
waves large. 
| 4.14.30 ae 80 68 74 31 11 sea |} (Dio), 
4.15.0 Extract of 

to Strophanthus, 
4.15.10 | 0°0002 gram per 
kilogram, injected. 


| 4.16.10 Re 80. | 68+) 74 |) Bl 11 ae | do: 

4.16.50 ies “ise sag si Sti sie .. | Left vagus stimulated: secondary at 
zero ; no effect. 

4.19.30 wise 74 66 70 30 11 ... | As at 4.9.40. ; 

4.19.40 ose re at a abe Sie .. | Left vagus stimulated: secondary at 

; zero ; no effect. 

4.22.20 400 66 60 63 30 12 560 

4.22.50 ee ty an is ae wi .. | Left vagus stimulated: secondary at 
zero ; no effect. 

4.25.0 eo 62 56 59 30 12 aise As at 4.9.40. 

4.27.40 ss aes st 565 ae oie .. | Left vagus stimulated: secondary at 
zero ; no effect. 

4,30.0 Age 72 64 68 29 12 ... | Pulse movements are becoming smaller. 


Respiration waves are large. Irregu- 
larities of the blood-pressure continue. 


After this time, the pulse movements became indistinguishable, though the heart continued to beat feebly for 
half an hour and the blood-pressure continued between 60 and 70 mm. 


In this experiment, although the vagus was paralysed by atropine, the first three 
injections of Strophanthus were at once followed by a slight temporary rise in blood- 
pressure. After the third injection, distinct irregularities in the height of the blood- 
pressure occurred and continued till the end of the experiment. The pulse-rate fell a 
little after the first injection of Strophanthus, increased a little after the second and 
decreased during the rest of the experiment. The pulse movements became somewhat — 
larger after the first injection of Strophanthus; after the third injection there was a 
considerable increase in the size of the pulse waves, coincident with the occurrence of 
irregularities in the blood-pressure and accompanied with slowing of the pulse-rate. 
After the fourth injection, the pulse movements became very feeble. The respiratory 
waves remained large throughout the experiment; their rate fell a little after the 
first injection of Strophanthus, and was slightly increased after the subsequent 
injections. 

It would appear from these observations that paralysis of the inhibitory function of. 
the vagus nerve by atropine does not prevent the development of the usual effects of 
S. sarmentosus in blood-pressure experiments, nor does it decidedly modify them. 

‘The foregoing blood-pressure experiments confirm the results of those experiments 
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on frogs which indicated that S. sarmentosus had but little effect on the blood-vessels, 
that its action on the heart is a powerful one, and that the cardio-inhibitory function of 
the vagus nerve plays no important part in that action. 


(d) Action on the Lymph-Hearts of the Frog. 
Experiment LX XIIT.—At 12.10 p.m., a large frog (Rana esculenta) received by 


subcutaneous injection into the left flank a dose of extract of S. sarmentosus equal to 
0°05 gram per kilogram—more than ten times the minimum-lethal dose. Previous to 
injection, the brain had been destroyed. Before the injection the lymph-hearts were 
beating at the rate of 11 per 10 seconds. In 18 minutes after the injection, their rate 
was 12 per 10 seconds. In 28 minutes, the lymph-hearts were contracting vigorously 
at the rate of 11 per 10 seconds, and they continued to do so during the next ten minutes. 
In 45 minutes, the rate was 18 per 10 seconds, and the movements were feeble. In 
55 minutes, the rate of the lymph-hearts was 10 per 10 seconds, and their movements 
were feeble and irregular ; and at this time, the exposed blood-heart was found to be 
quite motionless. In 1 hour, the lymph-hearts were contracting at the rate of 9 per 
10 seconds, and they continued beating at this rate during the next ten minutes, though 
their contractions were irregular in time. In 1 hour 22 minutes, the rate of the lymph- 
hearts was 4 per 10 seconds. In 2 hours 5 minutes, the lymph-hearts were contracting 
at the rate of 9 per 10 seconds, but their movements were feeble and irregular in time. 
In 2 hours 40 minutes after the injection, the contractions of the lymph-hearts had 
entirely ceased. 

The lymph-hearts, therefore, were not paralysed by S. savmentosus until more than 
70 minutes after the contractions of the blood-heart had been arrested by it. 


F. Errects on RESPIRATION. 


In the investigation of the general effects on frogs the respirations were observed to 
become slower and more deep soon after the injection, but later the respiratory move- 
ments were feeble and irregular. In those cases where rapidly fatal doses were ad- 
ministered, the changes in the respiration were such as can be attributed to the effects 
on the heart. In some cases (Experiment XI.), the flanks became inflated by a series 
of inspirations, as though there was some obstruction in the glottis, and were then 
deflated by a single expiration. 

In warm-blooded animals the effects of large lethal doses on the respiration were 
secondary to the action upon the heart. With non-lethal and small lethal doses, the re- 
spirations were slowed and their amplitude was increased, changes which were observed 
in the blood-pressure experiments as well as in the experiments to ascertain the general 
effects of S. swrmentosus. In rabbits, periods of inspiratory dyspnoea frequently occurred, 
accompanied with sounds apparently produced in the glottis. 
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G. SuMMARY OF THE PHARMACOLOGICAL ACTION OF STROPHANTHUS SARMENTOSUS. 


A. The minimum-lethal dose of Strophanthus sarmentosus is almost the same for rabbits 
and cats ; for frogs it is twice as great and for rats 200 times as great as for rabbits. 

B. The predominating features in the action are the effects on the heart and skeletal 
muscles. 

C. The spinal reflex disappears a considerable time after the administration of lethal 
doses of the extract, and not until the heart and respirations had been much 
affected. This disappearance is due not only to reduced blood-supply but also 
to a direct action on the cord. When applied to the skin of frogs, the extract 
is capable of temporarily abolishing the function of sensory nerves in strong 
solutions, such as from 1 in 1000 to 1 in 500. Slight dilatation of the pupil 
accompanies the anzesthesia produced by placing such solutions on the eyeball of 
warm-blooded animals. 

The function of motor nerves is slowly impaired owing to the action of the 
extract on the nerve-ends, and, much later, it is abolished. Before abolition of 
function, fibrillary twitches occur in the muscles. The occurrence of these 
twitches is prevented by paralysing the nerve-ends with curara. 

D. Under the influence of S. sarmentosus, shortening of skeletal muscles is produced 
and, later, fibrillary twitches become conspicuous. When these twitches have 
disappeared, the contraction of the muscle under stimulation is more gradual, 
the amount of contraction is less, and the relaxation of the muscle is slower than 
before; stronger stimuli are needed to produce contraction; and, soon, the 
strongest direct electrical stimulation fails to cause contraction of the muscle. 
At this time, the muscle is pale, rigid and acid in reaction. 

H. The effects of the extract on the heart are the most important of those produced. 

Small doses tend to produce a diastolic type of change, and large doses a 
systolic type. This applies equally to application of S. swrmentosus to the outer — 
surface of the heart and to its administration through the blood-stream. With 
small quantities, the rate of the heart’s contractions is slowed, and the size of 
the diastolic as well as of the systolic movements of the ventricles and auricles 
and the strength of the systolic contractions of both are increased. These 
changes are produced when a dilution of even 1 in 500,000 is perfused through 
the heart. The slowing of the heart’s rate is partly due to this increased range 
of movement, but lengthening of the diastolic pause plays an important part 
in the retardation. 

With large quantities, the heart’s contractions may, at first, be modified in 
the same way as with small quantities, but the diastolic expansions of the 
ventricles afterwards become reduced, the quantity of blood entering them — 
becomes lessened, and the ventricles finally cease to contract and remain motion- 
less in extreme systole. Previously to the final standstill, the ventricular pul- 
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sations are usually limited to small portions of its wall. Paralysis of the vagus 
by atropine, after the cardiac effects have been developed, does not modify these 
effects, nor does paralysis of the vagus, before and during the administration of 
the extract, prevent the occurrence of the changes in the heart which are 
characteristic of the action of Strophanthus. 

The cardio-inhibitory function of the vagus nerve is not increased or otherwise 
appreciably modified by S. sarmentosus. 

On the blood-vessels, the action of the extract is slight, for very strong 
solutions cause only an unimportant degree of contraction. 

S. sarmentosus does not appear to affect the blood-pressure excepting through 
the changes produced in the heart’s contractions. No evidence was obtained of 
a hemolytic or a blood-clotting effect, a wvo. 

The lymph-hearts of the frog are practically unaffected by this substance. 

F. The chief effects on respiration are attributable to the action on the heart, though 
there may also be a direct action on respiration through its medullary centre. 
The nature of this effect is first increase and then decrease of the respiratory 
movements and rate. 

It would appear, accordingly, that the action of S. sarmentosus is very 
similar to that of S. haspidus. 


EXPLANATION OF PLATES. 


Prate I. 


Fig. 1. S. sarmentosus plant, climbing up a forest tree in the Gambia Colony. Illustrating its vine-like 
habit, and showing many double-follicle fruits and leaves, and, indistinctly, a few flowers. 
The flowers appear in April, at which time the follicles of the previous year are approaching 
maturity, From a photograph taken by the late Dr J. Evrrerr Dutton in April 1903. 

Fig. 2. A flowering twig of S. sarmentosus. The long tail-like prolongations of the corolla are yet bent 
back and spirally twisted together, and do not, therefore, display the full length of these pro- 
longations. Drawn in the Gambia Colony by the late Dr J. Evererr Durron in April 1903, 

Fig. 3. Seeds of S. sarmentosus. a, ventral, and b, dorsal surface. 

Figs. 4a and 46. Northern Nigerian poisoned arrow-heads, presented by Sir Freprrick Luearp, 
K.C.M.G., when High Commissioner of Northern Nigeria, Actual size. The dark brown colour 
represents the poison. 4a, usual form of arrow-head ; 40, less usual form, with lateral spikes. 


Pruate II. 


Experiment. 

L. Tracings of detached gastrocnemius muscles of frog. Read from left to right. 1, muscles in Ringer’s 
solution only. 2, muscle B in a solution of extract of S. sarmentosus in Ringer (1 in 1000) shows 
no change. 3 and 4, muscle B has shortened, but after contraction it relaxes considerably. 
5 and 6, stage of shortening is over and muscle B contracts less than muscle A ; the relaxation of 
muscle B is slightly delayed. 7, contraction and relaxation of muscle B are more gradual than 
those of A. 
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Puate III. 
Experiment. 
LI. Tracings of detached gastrocnemius muscles of frog. Read from left to right. 1, both muscles in 


Ringer’s solution only. 2, muscle B in a solution of S. sarmentosus extract in Ringer’s solution 
(1 in 10,000) shows little change. 3 and 4, muscle B has shortened, but elongates on relaxation, 
5, movements of the lever of B caused by coarse fibrillary twitches following repeated stimulation, 
6, muscle B does not respond with secondary at 120 mm. 7, response of Bat 100mm. 8, feeble 
contraction of Bat 100 mm. 9, contractions of A and B at 80 mm. 


Puate LY. 


LX. Frog-heart tracings. 1, before, and 2 to 12, after application of extract of S. sarmentosus. 5, shows 
abrupt contraction of auricles and their relaxation before ventricular systole. 6, shows. diastolic 
pauses. From 9 onwards, show paralysis of the ventricle before the auricles. 


Puate V. 


LXI. Frog-heart tracings. 4 and 5, show increased amplitude of movement in the direction of systole. 


Puate VI. 


LXII. Frog-heart tracings. 1, before, and 2 to 11, after extract of S. sarmentosus. From 5 onwards, show 
increased systolic movement of the ventricle, and increase in the length of the diastolic pause 
In 11, the paralysis of the auricles and ventricle in diastole is shown. 


Puate VII. 


LXIII. Frog-heart tracings. Fig. 4, shows marked slowing of the heart. Fig. 5, shows the arrest of the 
ventricle in systole. 


Puate VIII. 


LXIV. Frog-heart tracings—isolated ventricle. 1 and 2, show rapid increase in the rate and extent of the 
systolic contraction after extract of S. sarmentosus. 3, shows slowing and tendency to stop in 
systole. 4, shows arrest of ventricle in diastole. 5, shows spontaneous movements of the 
ventricle after a long pause in diastole. 7 


Puate IX. - 


Curves of Experiments LXV. to LXVIIL., representing the effects produced on the blood-vessels of 
frogs by perfusion with solutions of extract of S. sarmentosus followed by digitalin. 


Pirate X. 


LXIX. Blood-pressure tracings from carotid artery of a rabbit. 1 and 2, before extract of S. sarmentosus. 
3 to 13, after injection of the extract into a jugular vein (0°0009 gram per kilogram). These 
tracings show a slight initial rise in blood-pressure, with increase of the pulse and respiratory — 
movements, 


Puate XI. 


LXX. Blood-pressure tracings from carotid artery of a rabbit. 1, before extract of S. sarmentosus. 2 to 
4, after injection of the extract into a jugular vein (0°0002 gram per kilogram), showing a slight — 
increase in the blood-pressure and in the pulse movements. 5 and 6, after.a second injection of 
0:0002 gram per kilogram into the same vein. 7 to 8, after a third injection of 00002 gram per 
kilogram into the same vein, and showing a considerable increase in the pulse movements. 9 to | 
12, after a fourth injection of 00002 gram per kilogram into the same vein, and showing 
great increase in the pulse movements, and rapid variations of the blood-pressure and its final 
fall to zero. 
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EXertment LX,—Froc-Hearr Tracines. Extract of Strophanthus sarmentosus (1 in 1,000,000). Reads left to right. The upstroke 
represents systole ; the downstroke diastole, 
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EXPERIMENT LXII.—Froc-Hearr Tracines. Extract of Strophanthus sarmentosus (1 in 60,000). Reads left to right. 
The upstroke represents systole ; the downstroke diastole. 
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INTRODUCTION. 


In a memoir “On the Craniology, Racial Affinities and Descent of the Aborigines of 
Tasmania,’ published by the Society in October 1908,* I described ten Tasmanian 
skulls in the Edinburgh Museums, and compared them with those of this extinct race 
in Paris, London, Oxford, Hobart Town and elsewhere. At that time I was under the 
impression that I had referred to all the crania of the aborigines, seventy-nine in 
number, which had been preserved in museums, and for the most part had been 
described. The memoir did not include a description of the rest of the skeleton. 

Subsequent to its publication I have ascertained the existence of additional crania 
in other collections. In a valuable memoir by Professor Hermann Kuaatscu “ On 
the Skull of the Australian Aboriginal,” published by the authority of the Govern- 
ment of New South Wales,t a female Tasmanian skull, No. 404 in the Sydney 
Museum, is frequently referred to and its characters are compared with those of 
Australian crania. During the summer, 1909, on the visit of Professor Louis Dotto, 
of the Royal Museum, Brussels, to deliver an address to this Society, I had the oppor- 
tunity of showing him the collection of crania in the Anatomical Museum of the 
University, when he told me that the Brussels Museum contained the complete 
skeleton of a Tasmanian aboriginal, and a skull, said to be also from Tasmania, 
neither of which had been studied. With great courtesy he proposed to send the 
specimens to me to be examined and described. I wish most cordially to express 
my indebtedness to him for this great privilege. A note of particulars accompanied 
the specimens: ‘‘No. 310, male skeleton from Flinders Island, where a number 


* Trans. Roy. Soc. Hdin., vol. xlvi. p. 365, part ii. 
+ Reports of the Pathological Laboratory of the Lunacy Department, vol. i. part iii., 1908, Sydney. 
TRANS. ROY. SOC. EDIN., VOL. XLVII. PART III. (NO. 16). 62 
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of the Tasmanian aborigines were interned; it was obtained in exchange.—Morton 
ALLPoRT, 1873.” ‘‘No. 75d, a female skull purchased from the collection of © 
Dr Meisser, 1868.” It is marked ‘‘ Habitante, van Diemen.” 

In March of the present year a preliminary communication was made by Professor 
Ricuarp J. A. Berry and Dr A. W. D. Rozerrson, both of the University of Melbourne, 
on a number of crania in public and private collections in Tasmania,* additional to 
those described by Messrs Harper and CLarkeE and referred to in my previous 
memoir, In a later communication + they reported that they had disinterred nine 
skeletons of Tasmanians in a burying-ground adjacent to Big Oyster Cove, where a 
settlement had been provided for the last remnant of the natives. They stated their 
intention to publish shortly a description of the interesting relics of this extinct race. 


SKULL witH SKELETON, No. 310 (Plates I., II.). 


Up to the present time only four complete, or almost complete, skeletons of the 
aborigines of Tasmania have been described. One, previously in the possession of 
Barnarp Davis, is now, along with two others, in the Museum of the Royal College 
of Surgeons of London; one, formerly belonging to the Anthropological Institute, 
is now in the Natural History Museum, South Kensington. A pelvis‘in one of the 
museums in Paris has been described by M. VErneav.{ I greatly esteem, there- — 
fore, the opportunity to examine the skeleton, No. 310, in the Royal Museum, Brussels, 
which Professor Douto has placed at my disposal for the purpose of description. 

SKULL.—The skull was that of a male adult. It weighed, along with the lower jaw, 
1 lb. 125 02. avoir. (800 grammes). 

Norma verticalis—The cranium was elongated, 174 mm. in maximum diameter, 
with prominent parietal eminences which contributed to its pentagonal outline. The 
frontal eminences were well marked. A convex mesial triangular area was mapped out 
on the frontal by a shallow depression on each side extending antero-posteriorly, the 
broad base of the area formed a bregmatic eminence; and the apex was between the 
frontal eminences. Each lateral depression, bounded below by the frontal part of 
the temporal curved line, passed backwards across the coronal suture on to the parietal 
bone, as far as the upper limit of the parietal eminence, which, together with the 
parietal part of the temporal curved line, bounded it below. The curved line 
intersected the parietal eminence near the middle. The sagittal suture was denticulated 
and its anterior third lay on the plane surface of the vault, but in its posterior 
two-thirds it was depressed in a groove, bounded on each side by a ridge in the bone, 
which formed the upper boundary of the antero-posterior parietal depression; the 


¥ 


* “Preliminary Communication on Fifty-three Tasmanian Crania, Forty-two of which are now recorded for the 
First Time,” Proc. Roy. Soc, Victoria, xxii. (N.S.), part i, 1909. 

+ “Preliminary Account of the Discovery of Forty-two hitherto unrecorded Tasmanian Crania,” Anatomischer 
Anxeiger, Bd. xxxv., No. 1, p. 11, August 10th, 1909. 

{ Le Bassin dans les Sexes et dans les Races, Paris, 1875. 
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groove widened as it passed backwards to the lambda. The vault sloped downwards 
from the lateral ridge to the parietal eminence, and had a roof-shaped form (fig. 1). 

The side walls of the cranium below the parietal eminences did not bulge outwards, 
and the greatest transverse diameter, 131 mm., was in relation to them. The width 
diminished materially behind the eminences, and the asterionic diameter was 103 mm. 
The stephanic diameter was only 100 mm., and the zygomatic arches were clearly seen 
when looked at from the vertex, so that the skull was phenozygous. ‘The parietal 
foramina were almost obliterated ; the vault sloped gently downwards to the occipital 
squama in the post-parietal region, which was flattened from side to side, but had not 


ap|\™P 


Fic. 1.—Vertical transverse arcs of skull in Brussels Museum, reduced a little. ap. immediately behind bregma ; 
mp. in mid-parietal region. 


been artificially produced. The supra-inial occipital squama bulged somewhat, the 
lambdo-inial curve was 60 mm. in vertical diameter, the inter-asterionic transverse 
curve was 140 mm. The inion was distinct: the linea nuche superior (torus occi- 
pitalis transversus) was strong for 25 mm. from the inion, and then became so feeble 
that the processus retromastoideus* was only faintly indicated. The linea nuche 
suprema was not a continuous line, but consisted of small nodules. The crista 
oecipitalis and linea nuche inferior were distinct. The surfaces of attachment for the 
semispinalis capitis, rectus minor, rectus major, and obliquus superior were clearly 
marked. As the lines and other marks on the occipital bone were much more distinct 
in No. 7 (Part I.) than in the Brussels specimen, I have reproduced a drawing of it 

* T may refer to Professor WALDEYER’s recent memoir, Der processus retromastoideus, etc., Berlin, 1909, for a most 


eareful description and delineation of the nuchal and supra-mastoid regions, based on the study of the skulls of 
Papuans. I have in the text adopted his nomenclature, 
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in Pl. I. fig. 4. The posterior condyloid fossa was shallow and the foramen was small. 
A low ridge passed between the front of the occipital condyls. The pharyngeal 
tubercle was feeble. 

Norma lateralis.—The lower part of the forehead slightly receded; the glabella 
and superciliary ridges were distinct, though not very protuberant; each ridge was 
separated from the supraorbital border by the supraorbital notch, and a continuous torus 
supraorbitalis was not produced. The supraorbital trigone was distinct between the 
superciliary ridges and the temporal curved line, and it sloped outwards to the thick. 
external orbital process. The supraorbital depression was shallow and was not 
continued across the mid-frontal line. The nasion was distinctly depressed; the inter- 
nasal suture was 18 mm. long; the greatest width of a nasal bone was 10 mm. at its 
free border; the profile outline of the nose was very concave; a low keel 3 mm. was 
present just below the nasion, otherwise the nasal bones were smooth and rounded 
from side to side. The frontal longitudinal are was the longest, the occipital was — 
the shortest. The mastoids were relatively feeble, and the skull rested behind on the 
cerebellar part of the occiput. 


TABLE I. 


Skulls, Royal Museum, Brussels. 


Tasmanian, Tasmanian, 
with with 
Skeleton. Skeleton. i 
Collection number, . . | No. 310 | No. 75d No. 310 | No. 75d | 
Age, . ‘ : ‘ : Ad. Adol. | Interzygomatic breadth, . 127 128 | 
Sex, . ; ; ; F M. F, Intermalar 5 ° 112 113 
Cubic capacity, . . | 1080 1590 Nasio-mental length, . 104 116 
Glabello-occipital length, : 174 173 Nasio-mental complete facial 
Basi-bregmatic height, . : 123 140 Index, . : P 81°8 906 | 
Vertical . Index, . : : 70:7 80:9 } Nasio- palveolan length, : 60 63. 
Minimum frontal diameter, . JR 93 Mazxtllo-facial Index, : : AT2 49°2 
Stephanic diameter, . : 100 113 Nasal height, =. : : 46 50 
Asterionic diameter, . : 103 108 Nasal width, E : é 28 
Greatest parieto - squamous Nasal /ndex, : . : 60:9 
breadth, . : d 5 131p. 147 Orbital width, . ‘ ; 36 
Cephalic Index, . : : 75'S 850 | Orbital height, . : é 31 
Horizontal circumference, . 484 505 Orbital Index, ; f 86° 
Frontal longitudinal are, . 124 120 Palato-maxillary length, é 58 
Parietal - e 5 Wits; 135 Palato-maxillary br eadih, ; 62 
Occipital 5 " : 110 120 Palato-maxillary Index, : 106°9 
Total s Fe ; 349 375 Nasto-malar Index,  . ; 109°4 
Vertical transverse arc, 5 276 319 Cranio-facial Index, . : 73° 
3asal transverse diameter, . 121 124 Symphysial height, : 25 
Vertical transverse circum- » | Coronoid 5 F 55 
ference, . : 397 443 <s Condyloid , . 54 
Length of foramen magnum, 31 33 & « Gonio-symphysial length, 88 
asi-nasial length, : ; 96 a7 2 | Intergonial width, . ; 93 
ete length, . : 100 92 H| Breadth of ascending 
Gnathic Index  . ; : 104-2 ILS ramus ; : : a3) 
Total longitudinal cirewm- 
ference, . : : : 476 505 


THE ABORIGINES OF TASMANTA. A415 


Norma facialis.—The floor of the nose was not separated from the incisive region 
by a sharp ridge, but was continuous with it by a smooth area; the maxillo-nasal spine 
was feeble, the anterior nares were wide, and the nasal index 60°9 was strongly 
platyrhine. The complete facial index was 81:8, the maxillo-facial index was 47°2; the 
index of both the complete face with the lower jaw, and of the upper face without it, 
was mesoprosopic, 7.e. the face was moderately high in relation to the interzygomatic 
breadth. The gnathic index, computed by FLower’s method, was 1042; the incisive 
fossee were shallow, and the eye recognised the prognathic character of the upper jaw. 
The canine fossee were moderately deep. The nasio-malar index 109°4 expressed the 
mesopic or moderate nasal profile. The fronto-malar border of the orbit was thickened, 
the infraorbital suture was obliterated; the intraorbital width was 24 mm., the 
vertical diameter of the os planum was 12 mm.; the orbital index 86°1 was mesoseme, 
z.e. an orbit in which the width moderately exceeded the height. The hard palate 
was elongated, index 106°9, dolichuranic, moderately deep. The torus palatinus 
medius was a narrow mesial ridge on the horizontal plates of the palate bones, which 
expanded on the superior maxille into a broad elevated surface, which was separated 
from the alveolar border by a groove-like depression. The maxillo-premaxillary suture 
was either obliterated or showed a mere trace. The anterior palatine fossa, moderate 
in size, was triangular in shape, and the premaxillary part of the hard palate was short. 
The crista palatina transversa was not marked, but in Nos. 4, 5, 7 in Part I. it was 
strong. In the mandible the chin was feeble and only slightly projected in front of 
the alveolar border, the angle was incurved and somewhat obtuse, the ascending ramus 
and the marks for the masticatory muscles were moderate. The mental foramen was 
below the second premolar tooth, and 24 mm. behind the symphysis. The inner 
surface of the bone at the symphysis had a genial prominence. 

Teeth.—The teeth were all in place except the upper left middle incisor and 
wisdom, the sockets of which were empty, and the 1st lower right premolar, the 
socket of which was absorbed. They were regular in arrangement, and the crowns 
were flattened from use. The lower wisdoms had two buccal and two lingual cusps ; 
the upper wisdoms had two buccal cusps, but the lingual were fused into a single large 
cusp. ‘The sockets for the upper wisdoms were at the end of the maxillary tuberosity, 
in close relation to the pyramidal process of the palate bone. The diameters of the 
crowns of the premolars and molars were as follows :— 


UPPER. Lower. 
Ant, Post. Trans, Ant. Post. Trans. 
Ist premolar, . : : : 8 mm. 10 mm. 8 mm, 9 mm. 
2nd yy . 3 5 5 8 ” il 1 ” 7 ” ” 
1st molar, ; : : ‘ 1h Wasa die as it ees TNL eee 
2nd_,, : f 5 : a Wy oe 1 en Is peas 
3rd ” . . . . 8 ” 1 1 ” il 0 ” F 1 0) ” 
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The collective length of the molar and premolar series in the upper jaw was 46 mm., 
in the lower jaw 49 mm.; the length of the upper molar series was 32 mm., of the 
lower molar series 35 mm.; the width of the upper dentary arch opposite the Ist 
molars was 60 mm., opposite the 2nd molars 62 mm.; the corresponding diameters 
opposite the 1st and 2nd lower molars were 54 and 60 mm. respectively. The lower 
dentary arcade therefore fitted within the upper, and the crown of each lower molar 
and premolar passed somewhat in front of the corresponding upper tooth, so that the | 
1st lower premolar came in contact with the upper canine. A comparison of the 
antero-posterior and transverse diameters of the crowns of the upper molars and pre- 
molars with those given in my previous memoir on the Tasmanians showed that they 
closely corresponded in size. In this skull I computed a dental index, after the 
manner of FLower, by dividing the collective length of the upper premolars and 
molars by the basi-nasal length, and obtained the index 47-9. In the previous series 
these teeth were so frequently lost that the dental index could not be computed, but 
Know es and Frerre-Marreco determined the index in the skulls in the Oxford 
Museum, which ranged from 40°8 to 53°1 with a mean 45°2. These measurements, 
therefore, confirm the statement of FLowrr~* that the teeth of the Tasmanians are 
megadont. In a memoir on the dentary arcades in Australian aborigines, I gave 
datat to enable a comparison to be made between the teeth of the megadont 
Australian and the microdont European, and showed that in a number of Australians 
the upper and lower incisors were in apposition by their cutting edges, so that the 
lower did not fit within the upper when the mouth was closed. 

The cranial sutures were not ossified; the denticles were generally simple, though 
more complex in the sagittal and lambdoid. In the right pterion the sphenoido- 
parietal articulation was only 6 mm. wide; two epipteric bones were in the left; two 
small Wormians in the lambdoid; no third condyl; jugal processes not tuberculated. 
The ali-sphenoid was deeply concave on the outer surface of its temporal division ; at 
the spheno-temporal suture it was elevated into a ridge, immediately in front of which 
was a vertical groove ;{ a similar but shorter ridge was also seen at the spheno-malar 
suture. The tympanic plate was completely ossified, the external meatus was narrow, 
the styloid was 7 mm. long. 

The supra-mastoid crest curved upwards to the squamous suture and expanded into 
a tuberculum supra-mastoideum antervus (Waldeyer), behind which an indication of a 
tuberculum supra-mastoidewm posterius was seen. In the male skulls in Part I. the 
crest and anterior tubercle were distinct, but the posterior was feeble or moderate in 
size. The zygoma was not strongly arched outwards; its upper border was sharp, the 
lower was relatively broad; the squamous end was smooth and concave on the inner 


* Journal of Anthropological Institute, November 1884, p. 184. 

+ Journal of Anatomy and Physiology, vol. xxv. p. 461, 1891. 

t A similar groove was noted by DuckwortH (Journ. Anth. Inst. vol. xxxii. p, 177, 1902), and subsequently by 
KLAATSCH, . 
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surface, the malar end was rough for the masseter; the glenoid fossa was shallow, and 
the eminentia articularis in the Brussels and the specimens previously described was 
flattened. The pterygo-spinous plate and foramen were absent, though present in 
No. 1 of the preceding series.* The foramen lacerum medium was moderate in calibre. 

From the maximum length 174 and breadth 131 mm. the cranium had the cephalic 
index 75°3; it was therefore in the lower term of the mesaticephalic group approxi- 
mating to the dolichocephalic. In the analysis of sixty-nine skulls given in Part I. of 
my memoir on Tasmanians, measured by previous observers and myself, the mean 
index was 74°7 on the confines between the mesaticephali and the dolichocephali. 
The Brussels skull, therefore, in this respect closely corresponded to the mean 
previously obtained.t The basi-bregmatic height was 123 mm., and the vertical or 
length-height index was 70°7, therefore less than the cephalic index. In sixty-five 
erania previously measured the mean vertical index was 71/1, also less than the 
cephalic index. The breadth-height index was 93°9. Both in this and the preceding 
specimens the skull was moderately high in relation to the length, and the index was 
metriocephalic. The cranio-facial index was 73, which closely corresponded to the 
mean 72°1 of six skulls described by me in Part I. 

The cubic capacity, measured by the method I have employed for many years, was 
1080 c.c., which is 20 c.c. less than the lowest capacity in the seven males recorded in 
Part I., the mean of which was 1235 .¢.c. In the strongly platyrhine nasal index, 60°9, 
it closely corresponded with the mean 59°9 of seven skulls described in Part I. 
The prognathous gnathic index 104°2 was comparable with two of these skulls, but 
was higher than the mesognathic mean 100°6 of that series. The upper face was 
moderately broad in relation to the height, and the maxillo-facial index, 47°2, was 
mesoprosopic like the mean 49 obtained in the same series. The nasal profile was 
moderately projecting, and the nasio-malar index 109°4 was, as in them, mesopic. The 
width of the orbital aperture was 5 mm. more than the height, and the index 86:1 was 
mesoseme, which differed from the mean microseme index 78:2 of the preceding series. 
The palato-maxillary index 106°9 was dolichuranic, and the length was relatively 
greater than the breadth compared with the mesuranic mean 113°4 of that series. 
As I have elsewhere pointed out, the palato-maxillary measurements, and consequently 
the index, are subject to a greater range of variation in the same race of people than is 
the case with the other measurements from which indices are computed,{ though in 
the black races there are, without doubt, a much larger proportion of long dolichuranic 
palates than in Kuropeans. 

The characteristic markings and the general aspect of the vault of the cranium in 
the fronto-parietal region ; the fairly prominent glabella and superciliary ridges ; the de- 

* KLAATSCH saw a pterygo-spinous foramen in the Tasmanian skull in the Sydney Museum. Many years ago I 
stated its occasional occurrence in the skulls of Sandwich and Chatham Islanders. 
+ It should be stated, however, that in the nine specimens measured by me in Part I. the mean cephalic index 


was 72°7, therefore dolichocephalic. 
{t Zool. Challenger Exp, Reports, part xxix. p. 127, 1884. 
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pressed nasion ; the projecting parietal eminences; the relations of length and breadth 
which place the skull on the confines between the mesaticephali and the dolichocephali, 
the height being less than the breadth; the platyrhine nose ; the prognathic upper jaw ; 
the marked phzenozygous projection of the zygomata; the face moderately broad in 
relation to the height; the moderate degree of prominence of the nasal profile; and 
the small cranial capacity are features in which this skull corresponded with the 
Tasmanians previously examined, and from their importance when collectively present, 
in the determination of race characters, leave no doubt that this skull from the Brussels 
Museum isa good example of an aboriginal Tasmanian. We can proceed, therefore, — 
with confidence to study the other bones of the skeleton, to enable us to determine if 
they also possess racial characters. In this connection it is interesting to note that 
the Brussels skeleton, the male No. 17617, originally in the collection of BarNarp 
Davis, and the male and female skeletons in the Hunterian Museum of the Royal 
College of Surgeons of England, were also collected by Mr Morron Atiporr in 1872. 
Of these, two males were from a cemetery in Flinders Island where the natives were 
interned, and one, No. 1097, a woman who was moved from Flinders Island to Oyster 
Cove, d’Entrecasteaux Channel, where she died in 1867; possibly the other skeleton 
was also obtained by ALLPorT from the same island. 

Hyoid.—This bone consisted of a body and a pair of great cornua. The posterior 
surface of the body was concave and smooth; the anterior surface was convex, rough, 
with a short spine projecting forwards from its middle. The body was 16 mm. wide and 
9 mm. deep; each great cornu was 29 mm. long. The small cornua were not present. 


SAGITTAL Contour. 


In Part I. of my memoir on Tasmanian skulls, I figured tracings obtained with 
LissAUER’S diagraph of the sagittal contour of six male skulls, and I gave a series of 
measurements of radii taken from the basion to definite points on the surface of each 
skull. These radii were bisected by a line drawn through the nasio-tentorial plane, so _ 
as to indicate the proportion of the cranial cavity occupied by the cerebrum, and that of 
the basal region in which the cerebellum, pons, and medulla are lodged. I selected the 
nasio-tentorial plane in preference to the glabello-inial plane, for it gave a more 
definite conception of the division of the cranial cavity into a cerebral and a non-cerebral 
space; also because the nasion is a more definite point on the surface of the skull than 
the glabella, which varies so much in form and degree of projection. I have made 
similar measurements of the skull of the Brussels skeleton, and I record them in 
Table I., alongside a column in which the mean measurements of six male Tasmaniat 
skulls in Part I. are given :— 
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TaBLeE II. 
Sagittal Contours. 


Brussels Mean of Skulls 
Museum. in Part I. 
Basiinial radius, 6.2., . : : 78 mm. 80 mm. 
», -occipital radius, 6.0c.,_ . ; , ; ; 1025s; lO 2ee, 
Pclamiodaly we) Oi. : , : : 105 _,, LORS 
», perpendicular radius, b.p., —. 5 , : 1226 Tass) 
», -bregmatic | UU oe : : ‘ 123 5; Some. 
,», -glabellar Ott 2 : : ‘ Soe lees 
», “hasial a OIE a2 ; ‘ ; OG Oita 
,, alveolar SO: Clee : ; 100 ,, LO 
Nasio-tentoria! plane, 7.t., . : : : GI; WAS 9 
Tentorio-bregmatic segment, : : ; : Ores DLS) op 
5» perpendicular ,, : ; : : 2; D3 og 
», -lambdal * : ; 66, COG .. 
», occipital es 58a 478, 
From perpendicular radius to point on arch of 
frontal above glabella, : ; : Gia Of 
From perpendicular radius to occipital point, . : OS». Sone as 
Collective heights of four diameters from tentorial 
plane to vault of cranium, : : : 30% 285-2 ,, 
Total length and collective heights, : : ; He ook 464°6 ,, 
Parieto-squamous breadth, . : : : 3 ST; NOAO 5. 
Collective heights, length, breadth, : ‘ 602 ,, D973 


It will be seen that the basi-radial measurements in the Brussels skull were, as a 
rule, less than the mean radi of the former group, though the tentorio-lambdal and 
-occipital seements were appreciably longer in the Brussels skull; the collective heights, 
length and breadth in the latter were greater than in the former group. 

In Table III. measurements are stated of the chords of the frontal and parietal ares, 
and that of the occipital, from the lambda to the inion; for each are a perpendicular 
has been erected from the chord to the highest point of the arc. A column has also 
been included which gives the mean of the corresponding measurements of six skulls 
in Part L. 


TasieE III. 
Chords and Ares. 
Brussels Mean of Skulls 
Museum. in Part I. 
Nasio-bregmatic chord of frontal, b7.n., . : .| 104 mm. 108°6 mm. 
Perpendicular therefrom to outer surface of bone,. 26 ,, DA oss 
Bregma-lambdal chord of parietal, br./., . : : iO 3ies WB o. 
Perpendicular therefrom to outer surface of bone, . Itsy Py. Cla 
| Lambda-inial chord of occipital, /.in.,. Ail OW iss DOMES 
Perpendicular therefrom to outer surface of bone, 5 Guess Colt 
Base line of skull, ‘ , f : : : WAG 5 345i 
Total longitudinal are, . ; : ; | 8 5 OO) oe 
Longitudinal circumference, . ; : > | 4 5, 495-1 ,, 
Base line to total longitudinal are, ; : el ae 2°63 ,, 
0» circumference, . : ORNL O35 BHD) 
Cubic capacity of cranium, . : : : . | 1080 cc. 1235  ¢.c. 
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The chords of the frontal and parietal arcs in the Brussels skull were less than the 
mean of the corresponding chords of the Tasmanian skulls in Part I., but that of the 
occipital are was 1 mm. longer. The vault of the frontal arc, 2 mm. more prominent 
than the mean, gave a well-arched forehead; that of the parietal was 6 mm. less 
prominent, and that of the occipital was 1 mm. less than the mean, and the projection 
of the occipital squama was less pronounced, though more so than in Nos. 5 and 6, in 
which the perpendicular line was only 3 and 4 mm. respectively. 

In the same table I have stated the proportions which the base-line, as defined in 
Part L., bore to the total longitudinal arc and the longitudinal circumference, and I have 
given the mean of the series of Tasmanian skulls previously recorded in the same part. 
The base-line, the longitudinal arc, and the longitudinal circumference were smaller 
than the mean of the skulls previously measured, but the proportion of the arc and the 
circumference to the base-line was somewhat less (which corresponded with the smaller 
eubic capacity of the Brussels skull) than the mean of the skulls described in Part IL 
of my memoir on the crania of the Tasmanian aborigines. 


SprnaL Cotumn, Riss, SteRNUM AND PELVIS. 


The Vertebrze were smaller than one meets with in the Spines of European men. 
When the surfaces of the bodies were apposed the seven cervical were 74 mm. long, 
the twelve dorsal 206 mm., the five lumbar 120 mm.—in all, 400 mm. If to these 
be added the length of the sacrum 100 mm., and that of the coceyx 21 mm., the 
_ total length of the vertebral bodies, excluding the intervertebral discs but including the 
anterior arch of the atlas, was 521 mm. (204 inches). 

Cervical Vertebrx.—The spinous processes, except that of the axis, were not bifid ; 
that of the 7th was most prominent, that of the 6th projected several mm. beyond the 
spines of the 5th, 4th, and 3rd; the posterior tubercle on the neural arch of the atlas 
was bifid. The grooves for the vertebral arteries on the atlas were not bridged by 
bone, although each was overhung by a projection backwards of the superior articular 
process. The vertebrarterial foramina were normal in the upper five vertebre, but 
the 6th had the foramen on each side divided into two, and in the 7th the parapo- 
physis was pierced by a small foramen in front of the normal hole. In the non-bifid 
character of the cervical spines this Tasmanian skeleton corresponded with other 
aboriginal skeletons, as pointed out by Owen, Hamy, CunnincHam and myself in one 
of my Challenger Reports.* 

Dorsal Vertebrx.—The 1st to the 9th had the customary two costal facets on each 
side of the body ; the 10th, 11th, and 12th had only a single costal facet on each side. 


* The references to the Challenger Reports in this section of the memoir are mostly to that on Human Skeletons, 
“Zoology, Chall. Exp.,” part xlvii. p. 59,1886. In this Report I suggested several new descriptive terms, which I have 
found to be of use in the study of the skeleton from the point of view of the anthropologist; these terms are employed 
in this section. 
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The transverse processes had costal facets for the corresponding rib tubercles as far as 
the 9th vertebre ; in the lowest three the processes were non-articular and diminished 
in projection from the 10th to the 12th. Mammillary processes were present in — 
the 11th and 12th. The dorsal spinous processes had no special variations in 
appearance. : 

Lumbar Vertebrx.—Both mammillary and accessory processes were present. The 
ist lumbar transverse process was 10 mm. long, as compared with 19 mm., the length 
in the 3rd lumbar. The spines were normal. The 5th lumbar had no unusual 
modification. 

In my Challenger Report, in addition to a description of the peculiarities 
observed in the spinal column, I dwelt at some length on the form and dimensions of — 
the bodies of the lumbar vertebree, and the part which they took in the production of 
the lumbar curve in the human spine. From the examination of a series of spines in 
Huropeans, and in the aborigines who formed the special subject of that report, it was 
evident that the upper and lower surfaces of the lumbar bodies were not parallel to 
each other, but inclined obliquely, so that the body was wedge-shaped; in the upper 
lumbar vertebrae the vertical diameter of each body was longer behind than in front ; 
in the lower it was longer in front than behind. These differences, and the part 
which they took in the production of the lumbar curve, were also investigated at the 
same time and independently on another series of racial skeletons by Professor D. J. 
CUNNINGHAM, and a numerical index was computed by each of us from the measure- 
ments of the vertical diameter in front and behind. If the upper and lower surfaces of 
the body were parallel and equal, the index would be 100, but if not parallel a special 
posterior vert. di. x 100 

anterior vert. di. 

a general lumbar index by dividing the collective posterior vert. di. x 100 by the 


index for each vertebra could be obtained by the formula 


> 


collective anterior vertical diameters. If the resulting index was below 100 the 
anterior vertical diameter exceeded the posterior; if above 100 the posterior vertical 
diameter was the longer. 

I have pursued this method in the Tasmanian skeleton now under consideration, and 
have computed the special and general indices in the four lower dorsals as well as in the 
lumbar vertebre. 


———— 
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TaBuE LV. 


Tasmaman Spine. 


Ant, V.D. Post. V.D, Index. 
9th dorsal vertebra, : 4 19 mm. 18 mm. 94:9 
10th . : : : beet 20 95:2 i ens ae 
llth z 8 Pheer Ola Oe HOOke(vece save a as 
12th 5 : : : 22 an YB) i 104°5 
83 mm. 82 mm. 98:6 General Index. 
1st lumbar vertebra, , ; 24 mm. 25 mm. 1041 
2nd 3 ; , , 23 2 eee 108°7 
3rd - 3 3 : YB) DD 108°7 -Special Lumbar Index. 
4th Pp ; ; : 24 ,, Joes 104:1 
5th “ : : F A) Dilley, 84 
119 mm. 121 mm. 101°6 General Lumbar Index. 


It will be seen that in the 9th and 10th dorsals the anterior diameter exceeded the 
posterior, and the special index was less than 100; in the 11th they were equal; in the 
12th the posterior exceeded the anterior, and the index was above 100. ‘The general 
index 98°6 expressed that in the four lowest dorsals collectively the anterior vertical 
diameter was somewhat more than the posterior. In each of the upper four lumbar 
vertebre, as in the last dorsal, the posterior vertical diameter was longer than the 
anterior, and the special index in each was more than 100; but in the 5th the anterior 
diameter, as is customary, was materially longer than the posterior, and the special 
index was only 84. The general lumbar index was 101°6, due to the collective posterior 
vertical diameters being somewhat longer than the anterior. 

Professor CUNNINGHAM was the first anatomist to measure the vertical diameters 
of the lumbar bodies in the Tasmanian spine and to compute the indices. He 
examined three skeletons, two males and a female: Nos. 1096% and 1097f in the 
Museum of the Royal College of Surgeons of England, and No. 176113 in the Barnarp 
Davis collection in the same museum.* He did not record the measurements of the 
individual vertebra, but he stated the indices. In the upper four in both sexes the 
special index was more than 100: in the female the index was 107°8; the mean in the 
two males was 112°8. In the 5th lumbar the special index in both sexes was less than 
100, and the mean of the three specimens was 92°4._ The general lumbar index in the 
three skeletons computed by CUNNINGHAM was 107°2. In his specimens, as in mine, 


* H. Kiaatscu subsequently recorded measurements of the lumbar vertebra in these skeletons, as well as that 
in the Museum, South Kensington (Zeitsch. fiir Ethnologie, Heft 6, Tafel vii. 1903). His method was to take the 
height in the median plane of the body of the vertebra and to estimate the mean of the transverse breadth and to 
compute a breadth-height index from the formula a The mean index of the three males was 52°4, that of the 


females 59°6. Kuaarscu’s measures differed both in method and purpose from those made by CunnincHAm and 
myself. 
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the general lumbar index showed that the posterior vertical diameters collectively were 
longer than the anterior, though in my example the difference in favour of the posterior 
was only 2 mm.; but it should be noted that the low index, 84, of the body of the 5th 
lumbar expressed for that vertebra a definite wedge shape, with the base of the wedge 
in front. : 

In my Challenger Report I discussed the question of the part taken by the lumbar 
bodies in the production of the lumbar curve in the human spine. I showed that in 
Europeans, whilst the 1st and 2nd vertebrae had the posterior vertical diameter longer 
than the anterior, in the 3rd, 4th, and 5th vertebree the anterior diameter was the longer, 
the mean general lumbar index was 96, almost identical with the mean 95:8 obtained 
by CUNNINGHAM in measuring a larger number of European spines. In their lumbar 
region, therefore, it was obvious that the collective vertical diameter of the bodies was 
longer anteriorly than posteriorly, and that if their upper and lower surfaces were 
apposed to each other, without the interposition of dises, the lumbar curve was convex 
forwards. To this condition I gave the name Kurtorachic. 

In my series of skeletons of the black races the collective vertical diameter behind 
was longer than in front, and the general lumbar index in the Australians was 106, in a 
Bushman 106, and in Sandwich Islanders 104. Both in the Australians and Sandwich 
Islanders, as in the Tasmanians, the upper four lumbars had the posterior vertical 
diameter greater than the anterior. In the Andaman Islanders and Negroes, however, the 
general index was 99, and in the Ist, 2nd, and 3rd lumbars only was the posterior vertical 
diameter greater than the anterior. CuNnNINGHAM obtained similar results in Australians, 
Bushmen, Andaman Islanders, and Negroes, in which races the general lumbar index 
was, he stated, 104 and upwards. I found in my specimens, where the lumbar bodies 
were apposed to each other, without the interposition of discs, that the lumbar spine 
was concave forwards as low as the interval between the 4th and 5th lumbars, and to a 
spine in which this character was exhibited I gave the name Kozlorachic. Tested in this 
way, the Tasmanian skeleton described in this memoir belonged to that group.* . 

In the study of the production of the lumbar curve in the complete spine the 
bodies of the vertebrze are not the only factors concerned, for the form and thickness of 
the intervertebral dises have to be considered. ‘There can be no doubt that in 
Kuropeans the discs materially contribute to the production of the prominent lumbar 
convexity. This was proved many years ago by the brothers WxBER, who in their 
inquiry showed that the anterior surfaces of the discs, between the 12th dorsal and the 
1st sacral, were collectively 21°1 mm. more in vertical diameter than the posterior, and 

that the disc between the 5th lumbar and 1st sacral took a special share, so that the 


* Asa sequel tothe observations of CunNinGHAM and myself on the relation of the vertical diameters of the 
bodies of the lumbar vertebra to the lumbar curve, Grorcr A, Dorsry conducted a research on 85 skeletons of North. 
American and Peruvian Indians (Bulletin Essew Institute, Salem, Mass., vol. xxvii, 1895). He obtained a meal 
general index, 100°9, In the 1st, 2nd, 3rd, and sometimes the 4th vertebra the posterior vertical diameter exceeded 
the anterior, but in the 5th lumbar the anterior was the longer. Dorsxy places the Indian spines in the group whieh 
[ named Orthorachic, where the index ranged from 98 to 102. 


THE ABORIGINES OF TASMANIA. A425 


wedge-shaped discs contributed about three times more than the bodies to produce the 
forward convexity in the lumbar region. The influence exercised by the discs has 
been amply confirmed by subsequent anatomists. 

Corresponding opportunities of determining the part taken by the discs in the black 
races generally have not as yet occurred ; but Dr CunnrncHam™* was able to study the 
curvature in the non-macerated spine of an aboriginal Australian girl aged 16. He 
stated that the lumbar convexity was very pronounced, and closely corresponded with 
that existing in Huropean women: the curvature was due to the strong, wedge-shaped 
intervertebral discs. There can be no doubt that in other black races the lumbar 
region, with its bodies and discs, is convex forwards in the adult; and as the bodies 
themselves contribute little if anything to its production, the discs are the dominant 
factor in giving to the completed spine a kurtorachic character, as distinguished from 
the koilorachic curve formed when the surfaces of the bodies are directly apposed to 
each other. 

Ftibs.—The ribs were much more slender than in European men. They increased 
in length from the 1st to the 6th, and diminished from the 7th to the 12th. The 1st 
rib was 65 mm. in a straight line from the head to the sternal end, the 12th was 
88mm. The length of the 6th along the convexity was 274 mm. The 1st rib had a 
rudimentary scalene tubercle and a shallow subclavian groove; on its imner border 
and upper surface close to the sternal end was a raised smooth area for articulation 
apparently with the clavicle. The tubercles from the Ist to the 9th ribs were 
articular; they were absent from the 10th to the 12th. 

Sternum.—This bone consisted of manubrium, body, and a, rudimentary pointed 
xiphi-sternum. The length of the sternum was 117 mm., that of the manubrium 
41 mm.; the broadest part of the manubrium was 50 mm., that of the body 45 mm. 
The surfaces of the bone were flattened. The manubrium was not fused with the 
body, but the xiphi-sternum was anchylosed to it. I have given examples in my 
Challenger Report from other aboriginal races of the xiphi-sternum preceding the 
manubrium in being fused with the body of the bone. The clavicular facets were 
distinct, the presternal notch was shallow. The lateral border of the manubrium 
had the customary facets for the Ist rib and half the second; that of the body 
articulated with 4 costal cartilages, with half the second and half the seventh, and the 
rest of the 7th cartilage was jointed to the xiphi-sternum. 

Pelvis.—The pelvic bones were entire. The ale of the ilium were expanded and 
the fossze were translucent; the auricular surfaces were normal and the preauricular 
sulcus was present; the crest, with its spine and tubercle, was distinct. The pubic 
Spmes and symphysis were well formed; the pectineal lines and eminences were 
moderate. The ischial spines and tuberosities were well marked. The obturator 
foramen was elongated ; the vertical diameter 48 mm. and the transverse 31 mm. gave 
an obturator index 64°6. The margin of the cotyloid cavity was well defined: the 

* Proc. Roy. Soc., London, vol. xly. p. 301, Jan. 1889. 
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cotyloid notch was deep, narrow, 19 mm. in width; on the left side its ischial cornu 
was prolonged into a sharp process, which overhung the notch; it seemed as if the 
transverse ligament had been partially ossified; on the right side the cornu was not 
pointed but rounded. The antero-posterior diameter of the great sciatic notch was 
diminished by the projection into it of a sharp ridge, 16 mm. wide, which was 
prolonged from the ilium immediately below the posterior inferior spine. 


TABLE V. 


Measurements of Tasmanan Pelvis. 


Breadth of pelvis, : : : : é : 246 mm. 
Height x : ; : : ; ; 185 7 
Breadth-height Index, . : F : ; : WD) 
Between ant. sup. iliac spines, .. : ; : 228 5 
a post. ,, ; ; SDs, 
= outer borders of ischial tubera, : : 138 5 
Greatest diameter of cotyloid, : ; ; : 48 53 
Vertical diameter of obturator foramen, : : ASH this, 
Transverse ,, 5 FP : 5 31 a 
Obturator Index, . : : ; : : 5 646 ,, 
Sub-pubic angle, 3 , ; : Oe 2; 
Transverse diameter of pelvic brim, : 5 : 123 3 
Conjugate Pa br j 4 ; 95 9 
Pelvic or Brim Index, . : ‘ : CUED 5 
Between inner borders of ischial tubera, , : 95 » 
Depth of pubic symphysis, . : ‘ : 36u 5, 
os pelvic cavity, : : 5 ; 82 x 
Length of sacrum in straight Fates, ; ; f 100 
Breadth of sacrum at base, i : : ; ; 105 3 
Sacral index, : ; : = ‘ : LOD 


When the bones were articulated the breadth of the pelvis at the tubercles on the 
iliac crests was 246 mm., and the height was 185 mm., which yielded a breadth-height 
index 74:9. Dr Garson* computed the breadth-height index in four Tasmanian males 
as ranging from 77 to 84°6 mm., with a mean of 80. Both in breadth and height the 
Brussels pelvis was smaller than in male Kuropeans, in whom M. VERNEAU gave 27°9 mm. 
as the mean breadth and 220 mm. as the mean height in sixty-three pelves with a 
mean index 78°8. ‘The mean breadth of six Australian males recorded in my 
Challenger Report was 252 mm., and the mean height was 194 mm., which 
resulted in a mean breadth-height index 77. Though in the Brussels specimen the 
index was below the Australian mean, when its index was conjoined with the indices — 
of Garson’s male Tasmanians the mean was 78°6. 

The transverse diameter of the pelvic brim, 123 mm., much exceeded the conjugate, 
95 mm., the form of the inlet was transversely ovoid, and the brim index 77°2 was 
distinetly platypellic. In its form and relative dimensions the brim approximated to 


* The references to Dr GaRson’s measurements are to his chapter entitled ‘‘Osteology” in Linc Rorn’s important 
work on the aborigines of Tasmania, 
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the Huropean male, in which a mean index at or near 80 has been computed by a number 
of observers, and the pelvis is consequently platypellic. In the Tasmanian male pelves 
previously measured by Garson the mean index was 93°4: they belonged therefore to 
the group which I have named mesatipellic, where the brim index ranged from 90 to 95. 
If the Brussels specimen be conjoined with these, the mean brim index would be 90:2, 
also mesatipellic. In the Australian pelves described in my Challenger Report I 
observed that the conjugate diameter was sometimes a little more, though at others 
somewhat less, than the transverse. In twenty-four specimens measured by myself and 
preceding anatomists the mean brim index 96°6 was distinctly dolichopellic (index 95 
to 100), in which case the width of the brim rapidly diminished near the symphysis 
so as to produce a cuneiform inlet. 

The subpubic angle was 79°, which was exceptionally wide for a male pelvis. In 
my Challenger Report I recorded in a powerful male Australian an angle of 70°, and 
in another an angle of 69°, in a Bushman 72”, in a Chinaman and a Malay 76°; in these 
pelves the subpubic angle approximated more to that of the female than the male pelvis. 
From time to time, therefore, a male pelvis occurs in which the subpubic angle is not 
many degrees below the mean 85° found in the female, and is materially higher than 
the mean 64° obtained from measuring a number of male pelves. Garson stated 
that the subpubic angle in four Tasmanian males ranged from 55° to 67°, with a mean of 
61°, so that the Brussels specimen was exceptional for the race as well as for the sex. 

Sacrum.—This bone consisted of five vertebree fused together, and it had a gentle 
curve from base to apex. The spines were ossified; that of the 5th was bifid; the 
ossification of the laminze was completed. The length in a straight line was 100 mm.; 
the greatest breadth of the base was 105 mm. The sacrum was platyhieric, the width 
exceeding the length, and the index was 105. In three male Tasmanians measured by 
Garson the sacral index in one was 106°7, platyhieric; in two others 99, 7.e. doluchohierre. 
When my specimen is included the mean of the four pelves was 102°4, «e. platyhieric, 
owing to the higher index in one-half thenumber. In this respect the sacrum in the 
Tasmanians differed from the Australians, in which race the breadth of the bone seldom 
exceeded the lenoeth. The mean sacral index of six Australian males, measured by 
myself, was 98 ; and as the index was below 100°, they belonged to the group which I 
have named dolichohieric. 

Coccyx.—This bone consisted of only three vertebree. The first was not ossified 
either with the sacrum or the 2nd coccygeal, and it had the customary form. The 2nd 
and 3rd were fused together, and the 38rd was a nodule of bone no larger than a small 
pea. The length of the three vertebree when articulated was 21 mm.; the greatest 
breadth of the 1st vertebra was 33 mm. 
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Superior HxTREMITY. 


The bones were well proportioned, though their dimensions were much smaller than 
in the average male Kuropean. 

Clavicle.—The clavicles were slender bones with the curves well marked, the 
muscular impressions feeble, the groove for the subclavius muscle shallow. About 
14 mm. from the sternal end a raised smooth facet was on the under surface at the 
place of attachment of the costo-clavicular ligament, for articulation apparently with 
the surface on the 1st rib already described. The right clavicle was 132 mm., the left 
131 mm. long in a straight line. 

Scapula,—The spine, acromion, and coracoid, though relatively small, were normal. 
The suprascapular notch was deep and wide ; the axillary border was scarcely falciform ; 
the inferior spine was pointed; the coraco-scapular notch on the inner border of the 
glenoid was distinct. The right scapula was 141 mm. long from superior to inferior 
angle; 93 mm. broad from border of glenoid to vertebral border opposite the spine ; 
in it the scapular index was 66, and in the left scapula the infraspinous length was 
104 mm., and the corresponding index was 89'4. Garson gave 59 as the mean 
scapular index in the three Tasmanians which he measured, and the infraspinous index 
as 81°4. KiaatscH from his measurements of the London skeletons of Tasmanians 
obtained 60°7 as the mean scapular index. In my series of Australians the mean 
scapular index was 63 and the mean infraspinous index was 87. Broca gave 65°9, and 
FLower and Garson 65:2, as the mean scapular index in Europeans, and the same 
anatomists obtained respectively 87°7 and 89°4 as the infraspinous index. In the 
Brussels skeleton the scapular index was unusually high for the Tasmanians and 
approached the mean in Europeans. 

Bones of the Shaft.—The long bones were relatively small and those of the forearm 
were slender. The humerus had well-defined ridges and processes; the deltoid 
impression and musculo-spiral groove were well marked. Neither supracondyloid — 
process nor intercondyloid foramen was present. The radius and ulna had the 
articular surfaces distinct and the shafts were well formed; the interosseous interval was 
moderately wide. The length of the bones was as follows :— 


Right. Left. 
Humerus, maximum length, . é : . 289 mm. 279 mm. 
Radius - es : ; : pe 773) ee 228 ,, 
Ulna i rs : ‘ : pe Oa, 2A. 


The bones of the right arm were therefore materially longer than those of the left. 
An antebrachial or radio-humeral index was computed for the right limb by the 
radial length + 100 3 

humeral length 
Barnarp Davis gave a mean index 79°6 as the result of their measurements of male 
Tasmanians, and Garson stated the mean as 799, which corresponded with my skeleton. 


formula The index in this skeleton was 79°9. 'ToPINARD and 
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Many anatomists have measured the bones of the shaft in Huropeans, and have obtained 
an index from 72:4 to 74'7, the mean being 73°4._ In my series of Australians, again, 
the mean index in the males was 76°5, which closely corresponded with the results 
obtained by Torinarp, FLower, and Spencex. In the Australians, and still more in 
the Tasmanians, the forearm is proportionally longer than the upper arm as compared 
with Huropeans, and the index in the latter is almost the same as that obtained by 
myself and others in Negroes. The Tasmanians are, therefore, on the immediate con- 
fines of the group which I have designated in my Challenger Report long-forearmed, 
or dolichokerkic. 

Hand.—The length of the skeleton of the hand from the lunare to the tip of the 
middle finger was 172 mm., the greatest breadth of the carpus was 43 mm., and at the 
head of the metacarpals of the four fingers 51 mm. ‘The carpal bones were well formed; 
the metacarpals and phalanges were slender, and the carpo-metacarpal articular surfaces 
of the pollex and trapezium were saddle-shaped. 


INFERIOR EXTREMITY. 


As the skeleton of the lower limb takes so important a part in the assumption of 
the erect and other attitudes of the body, the bones require to be examined more in 
detail than is necessary with the. upper limb. 

Bones of the Shaft.—The femur had strong ridges and trochanters. The shaft 
curved forwards; the anterior surface was convex, the internal was concave, the ex- 
ternal was more deeply hollowed. ‘The linea aspera had two well-defined lips with an 
intermediate narrow area. The middle third of the shaft, prismatic and triangular in 
section, was a good example of the femur & pilastre; opposite the nutrient foramen 
the antero-posterior diameter was 28 mm., and the transverse was 24 mm. ; the pilastric 
index was 115, which expressed the strong projection of the linea aspera. The popliteal 
surface was faintly concave. 

The head approximated to a sphere, but at the upper and outer part the articular 
surface extended beyond the outline of the head on to the anterior surface and upper 
border of the neck and formed an extensor area, which, during extension of the joint in 
the erect attitude, would have been in contact with the ilio-femoral ligament.* The 
anterior intertrochanteric line for the attachment of that ligament formed a broad rough 
ridge which indicated the strength of the ligamentous band so necessary for the pre- 
servation of the erect attitude. The neck of the femur was only 19 mm. long and 25 
mm. broad. Below the intertrochanteric line the upper and anterior part of the shaft 
was expanded laterally and somewhat concave in front (Plate II. fig. 8). 

Many years ago | recognised a similar expansion in prehistoric femora from a bone 
cave at Oban, as well as in some femora of aborigines, especially the Maoris.t 


* See my address “On some distinctive characters of Human Structure” in Reports of British Association, Toronto 
meeting, 1897. 

+ See Reports of British Association, Edinburgh meeting, 1871, p. 160; also Challenger Reports, part xlvii. p. 97, 
1886 ; also Proc. Soc. Antiquaries, May 1895, p. 415. 
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MaNouvrigR subsequently recognised the condition, and from the flattened form of the 
shaft named it platymery.* Associated with this character a prominent infratrochanterie 
ridge extended from below the great trochanter for from two to three inches vertically 
downwards and formed an external border for the upper third of the shaft: it was in 
front of and parallel to the gluteal ridge, from which it was separated by a narrow groove. 

To enable a comparison to be drawn of the degree of expansion and flattening in | 
different femora, MANouvrizR computed an index of platymery by the formula 
antero-post diam. x 100. 


: In the Tasmanian skeletons the diameters and indices were 
transverse diam. 


Trans, diam. Ant. post. diam. Index, 
Right femur : . 380mm. 22 mm. 73°3 
ett ys. : 6 G0) 255 23 4, 76°6 


MANOUVRIER gave the platymeric index, in Parisian femora, as ranging from 80 to 100, 
whilst in some neolithic femora the range was from 56°4 to 65°8, and in Guanche 
femora from the Canary Islands from 58°8 to 64°9. In the two femora from the Oban 
bone cave the indices were 56°4 and 58°8. In the measurements of fifty Maori femora 
by Professor J. H. Scorr of Dunedin, the index ranged from 54°8 to 81°3, with the 
mean 64°3.f In the Australian femora which I have examined, whilst the pilastric 
index ranged from 120 to 132 and the linea aspera was strong, in some specimens the 
upper fourth of the femoral shaft did not exhibit a marked degree of flattening, though 
Ramsay Smit found this condition in several aboriginal femora from the Coorong, and 
he gave 70°9 and 72°9 as the platymeric indices in two skeletons.[ As far as can be 
judged from the single Tasmanian skeleton now before me, the index, whilst below the 
Kuropean, was higher than in neolithic and in the Maori femora. 

The trochlear patellar surface was higher and broader on the outer than on the 
inner side; it was also deep, so as to accommodate the prominent vertical ridge of 
the patella in flexion and extension. The inner condyl was convex, more 
projecting, and somewhat narrower than the outer; a definite facet for articula- 
tion with the patella during complete flexion of the knee was distinct at the 
margin of the intercondylar notch. Hach condyl had a sharp outline behind and 
was not prolonged upwards on to the popliteal surface of the bone. It did not 
present an extension of the articular surface similar to the one described by 
Sir Havetock Cuaries above the inner condyl in the natives of the Punjab, which 
he ascribed§ to pressure by the tibia due to the great flexion of the knee in the 
squatting attitude assumed by these people when resting. 


* Manovvrigr, Congres internat, d’ Anthropol. et @Archéol., 1889, 1891; and Btude sur les variations du Fémur, 
Paris, 1893. 

+ Transactions New Zealand Institute, vol. xxvi. p. 1, 1893. 

t “The Place of the Australian Aboriginal in recent Anthropological Research,” Australian Ascooitnen for Advance- 
ment of Science, Adelaide, 1907. The Anatomical Museum of the University is indebted to Dr Ramsay Surra fora fine 
collection of the bones of the Australian aborigines. In a series from the northern territory the platymery is 
distinct and the infratrochanteric ridge is strongly marked. 

§ Journ, of Anat. and Phys., vol. xxviii. p. 10, 1894. 
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Patella.—The bone had the customary triangular compressed form, the vertical 
diameter was 39 mm., and the greatest transverse diameter was 37 mm. ‘The vertical 
ridge, which divided its articular surface into two large areas, was broad and prominent 
and fitted, between the femoral condyls in full flexion of the joint. The outer articular 
area was wider than the inner. The inner showed the internal perpendicular facet for 
adaptation to the area on the intercondylar border of the inner condy] in full flexion of 
the joint. The upper and lower pairs of transverse facets of Goopsir,* though faintly 
marked, could be distinguished ; the upper pair was apposed to the femoral condyls in 


p 


Fic. 4.—Tracing of external condylar surface, right 
tibia, Tasmanian ; a, anterior, p, posterior, 


am, - 


Fie. 3.—Upper end of right tibia. 


full flexion, the lower pair to the upper border of the trochlea at the completion of 
extension of the knee. 

& Tibia.—The shaft was laterally compressed, the anterior border was strong and 
somewhat falciform; the internal subcutaneous surface was convex ; the external was 
_ coneave ; the posterior was narrow and strongly convex in about the upper half, but 
_ flattened lower down. At the middle of the shaft the antero-posterior diameter was 


33 mm., the transverse diameter was 21 mm., and the index obtained by the formula 
; breadth x 100 
_ ant. post. diam. 


by Broca in the neolithic tibiz from the French bone caves and that of 66 in the 


ache ai ar. Pe mn oe tae 


was 63°6, which is somewhat less than the platyknemic index obtained 


* Goopsir’s Anatomical Memoirs, edited by W. Turner, “ Anatomy of Knee-Joint,” vol. ii. p. 225, Edinburgh, 1868 


432 PRINCIPAL SIR WM. TURNER ON 


tibize of the Guanche people of the Canary Islands. The tibie, therefore, were distinctly 
platyknemice. 

The axis of the head was not in the same vertical plane as that of the shaft, and the 
head was retroverted ; its anterior surface formed with the anterior border of the shaft 
an angle of 29°. When the shaft was placed vertically the condylar articular surfaces 
sloped from before backwards and downwards; the internal was concave from before 
backwards and from side to side; the external was convex along the margin for the 
semilunar cartilage, and the area enclosed by the cartilage for apposition to the femoral 
condyl was partially flattened, partially faintly concave (figure 4). The external 
condylar surface formed with the front of the external tuberosity an angle of 80°; 
a deep depression behind for the attachment of the posterior crucial ligament gave 
a convexity to the condylar surface posteriorly. The modifications in the curvature 
of the external condylar surface and the retroversion of the head of the tibia in different 
races were carefully studied by Professor ARTHUR THOMSON some years ago.* He 
arranged tibiee in five groups in accordance with the contour line of this condylar surface. . 
The Brussels skeleton in this character resembled No. 2 in THomson’s figure, with which 
one Tasmanian skeleton, in the Museum of the Royal College of Surgeons, also 
corresponded ; though in the two other skeletons of the same race the surface was, as 
in his group 3, more distinctly convex. THoMmsoNn associated the form of the surface 
and the retroversion of the head of the tibia with the acutely flexed knee-joint in the 
squatting posture, a conclusion in which I concur. Some anthropologists have supposed 
that this configuration of the tibia indicated that the knee-joint could not, in those 
who possessed it, be fully extended, and consequently that the erect attitude could not 
be completely attained. Ample evidence, however, exists in the writings of those 
who saw living Tasmanians that they held themselves very erect when standing and 
walking. 

A well-defined smooth area on the external tuberosity in front of the fibular articula- 
tion marked the attachment of the ilio-tibial band of the fascia lata (fig. 3, x). 

The tibia had a special articular facet on the outer part of the anterior margin of 
the lower end which was 15 by 5 mm. in the right bone and 13 by 5 mm. in the left. 
It was continuous with the articular surface for the astragalus; on the inner part of which, 
close to the anterior border as well as on the articular surface of the malleolus, another facet 
was mapped out. ‘The signification of these facets was recognised when the astragalus 
was articulated with the tibia, for the upper surface of its neck was not rough as in 
Kuropeans, but possessed two elongated smooth facets, separated from each other by a 
non-articular area, and prolonged forwards from the saddle-shaped surface of the 
astragalus almost to its anterior convexity. When the astragalus was moved on the 
tibia in flexion and extension the outer of the two elongated facets came in contact in 
acute dorsiflexion with the special facet at the outer part of the anterior border of the 


* Journ. of Anat. and Phys., vol. xxiii. p. 621, 1889 ; and the same, vol. xxiv. p. 210, 1890. 
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tibia, and the inner moved on the more internal tibial facet which was prolonged on to 
the internal malleolus. 

The occurrence of similar special articular facets on the tibia and astragalus was 
first recognised by Professor ArtHur THomson in the skeletons of Australians, 
Andaman Islanders, and some other aboriginal people; he associated their production 
with the pressure of the tibia on the astragalus when the ankle was acutely flexed in 
the squatting posture.* He also observed that the three Tasmanian skeletons in 
the Museum of the Royal College of Surgeons had inferior tibial facets and in two 
of these astragalar facets also. That the Tasmanians adopted, when resting, the 
squatting posture, is evident from the testimony of the early navigators.~ The 
relation of the special tibial and astragalar facets to the squatting posture was also 
detailed by Sir Havetock CuHaruzs { in his memoir on the influence of pressure and 
posture in producing modifications in the skeleton of natives of the Punjab. 

The malleolar groove on the back of the tibia for the tendons of the tibialis posticus 
and flexor longus hallucis was broad and deep. 

Fibula.—The characteristic features of this bone were strongly marked, and a 
well-defined smooth area on the head, in front of the tibial articular surface, had 
attached to it the tendon of the biceps and the external lateral ligament. 

Length of long Bones and relative Indices.—The dimensions of the bones of 
the shaft of the lower limb were as follows :— 


Right. Left. 
Femur, maximum length, : : : é . 424 mm. 422 mm. 
,,  trochanteric-condylar length, : : . 408 ,, 407 _,, 
» Oblique maximum length, . : ‘ a AO A ALON? 
Tibia, maximum length, ; : 4 ; 5 88) op 349 ,, 
, condylo-astragalar length, without spine, 5 oO 5 346 ,, 
Fibula, maximum length, . : s ) oc ws (O44) 5, 3375); 


The corresponding long bones were not of equal length in the two limbs, and the 
right bones were somewhat longer than the left. In my Challenger Report | recorded 
a number of examples of inequalities in the length of the bones of the shaft in the same 
skeleton, and I referred to the previous measurements by Drs Wicur and Cox, and 
Dr Garson. It is exceptional indeed to find the femora and tibie in opposite limbs 
equal in length, and the left bones are usually somewhat longer than the right, though 
the opposite was the case in the skeleton now under consideration. 

In my previous memoir on the aborigines of Tasmania I stated the stature of 
the people as determined by measurements made during life, from which it appeared 
that it ranged in men from 5 ft. 1 in. to 5 ft. 6 or 7 in., with a mean of 5 ft. 33 in., 
and in women from 4 ft. 3 in. to 5 ft. 4 in., with the mean 4 ft. 114 in. Kstimates 
have also been taken of the stature from measurements of the skeleton, and BarnarD 

* Opus cit., vol. xxill. p. 616, and vol. xxiv. p. 210. 


+ See Aborigines of Tasmania, by H. Line Rot, p. 13. 
{ Journ. of Anat. and Phys., vol. xxviii. p. 1, 1894. 
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Davis and FLowrer have computed it as 5 ft. 3 to 4 in. If the stature be regarded 
as equal to twice the oblique length of the femur + the condylo-astragalar length of 
the tibia, with 26 mm. added as representing the thickness of the soft parts, the 
stature of this Tasmanian may have been 1572 mm., about 5 ft. 1} in. 

Anthropologists have given attention to the relations between the length of the 
thigh and leg in the same person, and have expressed the same numerically by 
tibial length x 100 

femoral length 
of the femur and the condylo-astragalar length of the tibia being the diameters 
employed. In the Tasmanian skeleton the index in the right limb was 83°1, that of 
the left 82:5. Torrnarp and Barnarp Davis's measurements of three men gave a 
mean index 85, whilst Garson’s figure was 84°1. In Europeans the mean index 
obtained by ToprnaRD in men was 80-4 in one series of skeletons, and 811 in another. 
In the series of male Australians in my Challenger Report the index was 82°9. The 
index closely corresponded in the Tasmanians and Australians, in both of which the leg 


computing a tebio-femoral index as follows: | , the oblique length 


was longer in relation to the thigh than in Kuropeans, so that they are included in the 
group which I named dolachoknemic or long-legged. 

The relative lengths of the femur and humerus or femoro-humeral index can be 
humeral length x 100 
femoral length 
was 68°1; GARSON gave 69°5 as the average in three males. In Europeans Broca 
obtained a mean 72'2 and FLowER a mean 72°9. In my male Australians the mean 
was 71°4._ Both in Tasmanians and Australians the index was lower, and the femur 

was therefore longer in relation to the length of the humerus than in Europeans. 

I have also estimated the intermembral index by the formula employed by Broca, 
humerus + radius x 100 
femur + tibia 
this Tasmanian the index was 66'9, and GaRSoN gave 68 as the mean in the specimens — 


determined by the formula In the Tasmanian skeleton this index 


, the bones of the shafts of the right limbs being selected. In- 


in the London museums. In Europeans Broca obtained a mean index 69°7 and 
Frower 69°2. In my male Australians the mean was 68°7. The Tasmanians and 
Australians gave a smaller index than the Europeans, and the lower limb was 
proportionally longer in the former than in the latter. | 

‘oot.—The length of the skeleton of the foot from the heel to the tip of the great 
toe was 205 mm.: the breadth at the distal tarsalia was 52 mm., and at the heads of 
the metatarsals 63 mm. The special characters of the astragalus have been described 
in a preceding paragraph. The sustentaculum tali of the caleaneum formed a process 
22 mm. in antero-posterior diameter, which projected inwards so strongly that along 
with the relatively large and projecting internal tuberosity of the bone the inner surface 
of the os calcis became deeply concave. The groove on the under surface of the 
sustentaculum for the flexor longus hallucis was broad and deep. 

The tubercle of the scaphoid for the tibialis posticus was 18 mm. in antero- 
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posterior diameter, large and prominent. The cuboid had a slight articulation with 
the scaphoid, but it did not touch the astragalus, as Kiaatscu has stated to be the 
ease in the Tasmanian skeletons in the Hunterian collection. 

The tarso-metatarsal articular surfaces of the hallux and ento-cuneiform were each 
partially divided into two facets by marginal notches ; they were concavo-convex in 
form, and permitted a ereater range of active movement to the great toe than if the 
articulation had been plane surfaced. 

It is interesting to note that the early navigators observed that the natives apparently 
unarmed, and with no weapons in their hands, trailed their spears after them on the 
ground as they walked, “the point being held between the great and second toes.” * 
By a sudden rapid motion of the foot the spear could be transferred to the hand and 
effectively used as a weapon of attack. 

The metatarsals and phalanges of the toes were relatively slender. 

From the characters of the skeleton generally, without taking into consideration 
the special features of the skull, one would have no difficulty in pronouncing that it 
belonged to an aboriginal, black-skinned race, relatively small in stature. Thus the 
collective vertical diameter of the bodies of the lumbar vertebrze behind was longer 
‘than in front; the general lumbar index, as well as the special lumbar index of the 
upper four vertebree, was more than 100. The vertebral bodies, from the 1st to the 
4th inclusive, when directly articulated with each other, produced a curve concave and 
not convex forwards; in other words, a koilorachic spine. In the 5th lumbar, 
however, the body had a longer diameter in front than behind. In the black as in 
other races the intervertebral discs are important factors in producing the anterior 
lumbar convexity of the human spine. 

In several of the black races the conjugate and transverse diameters of the 
pelvic inlet in males produced a brim index above 95, 7.e. dolichopellic; + in two 
of the male Tasmanian pelves measured by Garson the brim index was 99 and 98:2 
respectively, therefore dolichopellic; but in the other two 88°6 and 88 respectively, 
therefore platypellic; whilst the mean index of the four pelves was 93°4, mesatipellic. 
The Brussels skeleton with its brim index 77'2 was therefore considerably below 
not only the mean index, but the lowest of the specimens previously measured, 
and in this respect was exceptional. In the relative length and breadth of the sacrum 
it also differed from the black races generally, in which the length exceeded the 
breadth and the sacral index was below 100, 7.e. dolichohieric ; for in this pelvis the 
breadth was greater than the length and the index was above 100, a proportion in 
which the sacral index corresponded with the mean 101°5 of three Tasmanian sacra 
measured by Garson, 101°5, 2.e. platyhieric. 

In the Brussels skeleton, as in other black races, the forearm was proportionally 
longer than the upper arm as compared with Europeans; the limb was therefore 

* Line Rots, op. cit., p. 14. 


+ See section on the pelvis in my Challenger Report, 1886. 
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dolichokerkic, and closely corresponded with the condition found in the few 
Tasmanians previously measured. 

In the lower limb the femur had a degree of platymery, not so marked as in the 
Maoris and the femora of the cave men. The tibia showed marked platyknemia, and 
the head was retroverted, characters seen in many black races. The lower end of the 
tibia and the upper surface of the neck of the astragalus had prolongations of the 
articular surfaces, seen in those races which rest in the squatting attitude. In the 
relative lengths of the thigh and leg, of the femur and humerus, of the bones of the 
shaft of the upper compared with those of the lower limb, the Brussels skeleton 
corresponded generally with those of black races. There could be no doubt, therefore, 
that the skeleton in its collective characters was that of a man of a black race, and its 
association with the skull at once stamped it as a ‘Tasmanian. 


Sxutu No. 75d. 


No. 75d, a female skull in the Royal Museum, Brussels, marked ‘“‘ Habitante, van — 
Diemen,” was also examined, and its measurements are recorded in Table I. It was not 
quite adult, for the basi-cranial joint was not fully closed and the wisdoms were only 
partially erupted. 

Norma verticalis.—The cranium was not elongated, but was broad and rounded in ~ 
outline. The glabello-occipital leneth was 173 mm., the maximum breadth was 147 mm. 
and the cephalic index was 85 mm. ‘The skull was therefore definitely brachycephalic. 
The vault was smooth, rounded from side to side, and entirely devoid of the distinctive 
areas and depressions in the fronto-parietal region described in No. 310; the sagittal — 
suture was not depressed ; the parietal eminences were moderate ; the parieto-occipital 
region sloped steeply downwards and was somewhat oblique, as if from artificial pres- 
sure. ‘The occipital squama was flattened, the inion and curved lines were feeble ‘The 
zygomata were cryptozygous. | 

Norma lateralis.—-The frontal eminences were prominent; the lower forehead was 
almost vertical; the glabella and superciliary ridges were very feeble; the upper border — 
of the orbit was sharp: a combination of characters which, in part at least, were without 
doubt sexual. The torus supraorbitalis was absent, and the supraorbital trigone was 
only feebly indicated. The nasion was not depressed. The nasal bones were keeled, 
projected forwards, and formed an obtuse angle of 74° with the lower frontal. The nose 
was therefore very prominent, and the nasio-malar index 110°4 was pro-opic. ‘The 
parietal longitudinal are was the longest, 185 mm., and the frontal and occipital ares, 
120 mm., were equal. The basi-bregmatic diameter, 140 mm., was less than the 
greatest breadth, and the vertical index 80°9 was less than the cephalic. 

Norma facialis.—The maxillo-nasal spine was long and pointed; the floor of the 
nose was separated from the incisive region by a margo-infranasalis. The nasal region 
was long, relatively narrow, and leptorhine, the nasal index being 46; the complete 
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facial index was 90°6; the face was relatively narrow and long, owing in a measure to 
the depth of the symphysis menti, 33 mm. The upper jaw was orthognathic, index 
94:8. The orbit was open, and the index 85°8 was mesoseme. The palate was short 
and relatively wide, and the index 129'7 was hyperbrachyuranic. 

The lower jaw had a deep body and symphysis ; the chin projected strongly forward ; 
the angle was somewhat obtuse, and the ridges for the masticatory muscles were com- 
paratively feeble. The teeth were not much worn. The cranial capacity, 1590 c.c., was 
remarkably high even for a woman of a Kuropean race. 

When the characters above recorded are compared with those of the undoubted 
Tasmanian skull, No. 310, they will be seen to differ so essentially, that it is not 
possible to regard them as of the same race, although No. 75d may have been obtained 
in Tasmania. The absence of the characteristic marks on the vault of the cranium, 
the brachycephalic form and proportions, the very feeble glabella and superciliary 
ridges, the want of depression at the nasion, the extremely prominent nasals, the 
leptorhine nasal index, the orthognathic upper jaw, and the wide shallow palate, all 
point to very different racial affinities. There does not, indeed, seem to be any valid 
objection to regard this skull as that of a brachycephalic, orthognathic EKuropean, who 
might possibly at one time have lived in Tasmania; and the collector has labelled 
it as an inhabitant only of the island, and not necessarily the skull of one of the 
aborigines. 


CoMPARISON WITH THE SKULLS OF AUSTRALIANS, HuRoPEANS, PALOLITHIC Man 
AND ANTHROPOID APES. 


I have already referred to the important memoir by Professor Kiaatscn,* in which 
he studied in the colonial museums the characters of the skulls of the aborigines of 
Australia, chiefly collected in Queensland, and gave a detailed comparative statement 
of their component parts. He discussed their variations and their possible evolution 
from some previously existing ancestral type. I wish to thank him for the frequent 
references which he has made to the chapter on the Australian crania and their varia- 
tions in my Challenger Report,t and I am gratified to read that my descriptions very 
clearly demonstrated significant points and variations characteristic of the race, which 
accorded with his own observations. He also made frequent comparisons of the characters 
in Australian skulls with those in a female Tasmanian in the Sydney Museum, No. 404, 
and in some Tasmanians in museums in London and Paris which he had studied before 
he visited Australia. { 

In Part I. of my memoir on the Tasmanians I compared the characters of their skulls 
with those of Australians, Negritos, Papuans and Melanesians. In view, however, of 
the more detailed criticism which Kiaatscu has given on the Australian skull, I propose 
to compare my series of Tasmanians with the Australians in regard to the char- 


* Op. cit., 1908. + Zool. Chall. Exp., part xxix., 1884. t Zeitsch. fiir Ethnol., 1908. 
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acters which he has especially emphasised; but I recognise that the points of corre- 
spondence and difference cannot be regarded as altogether determined until a larger — 
number of skulls has been minutely studied. 

In Part I., whilst allowing for variations in individuals of both races, I pointed out 
easily recognisable differential features: the elongated ovoid cranium with its roof- 
shaped vault; the marked dolichocephalic proportion due to its greater length and 
smaller breadth, the height being usually more than the breadth; the stronger 
glabella, superciliary ridges and supra-orbital borders; the more receding forehead ; 
the more prognathic upper jaw; the feeble maxillo-nasal spine ; the longer and narrower 
hard palate, and the stronger lower jaw and chin possessed by the Australians 
in comparison with the Tasmanians. On the other hand, the Australians did not 
exhibit in similar degree the characteristic markings on the fronto-parietal vault, the — 
prominent parietal eminences and the frequent pentagonal outline of the Tasmanians. 
In both peoples the skulls were phcenozygous, platyrhine, usually microseme, and 
normally of small cranial capacity. Other features of difference and resemblance will 
now be detailed. 

Supra-orbital Region.—In his account of the Australian skulls and their correspond- 
ence in certain characters with the anthropoid apes and paleolithic man, KiaatscH 
discussed the supra-orbital region and its modifications in ancient and in the modern 
human types. He referred to Scawa.pr’s observations on the torus supra-orbitalis, 
formed by the fusion of the pars (arcus) supra-orbitalis and the pars (arcus) super-ciliaris, 
and to the opinion which ScHwa.bE expressed that its presence in the Neanderthal and 
other examples of palzeolithic man constituted a character which distinguished ancient 
man and the anthropoids from modern man. Whilst KiaatscH recognised that in the 
Australians generally the super-ciliaries and supra-orbitals were not continuous with 
each other, he cited an Australian skull, R. 62, of the Kalkadun tribe,* N.W. Central 
Queensland, in which the torus resembled that found in anthropoids, Pithecanthropus- 
and the Neanderthal skull. Though he regarded this specimen as absolutely unique in a 
modern human skull, he considered it sufficient to show that there is not such a funda- 
mental difference between the Neanderthal type and the Australian aborigines as 
ScHWALBE had stated. The exceptional formation in the Kalkadun skull is not, how- 
ever, so rare as KLaatTscH supposed. In a memoir “On the Evolution of the Eyebrow 
Region of the Forehead,” + Professor CunnincHaM described and figured two Australian 
skulls in the Anatomical Museum { of the University of Edinburgh in which a massive, 
projecting torus supra-orbitalis extended from the glabella to the fronto-malar suture, 
similar in appearance and construction to that present in the Neanderthal and Spy 
crania. I may also refer to my description of a Tasmanian skull, No. 6 in the first 
part of my memoir on this race, in which I stated that the superciliary ridge was directly 


* See Kuaatscn’s figure 59, 
+ Trans. Roy. Soc. Hdin., vol. xlvi., part ii., p. 283, 1908. 
t B. 1, from New South Wales ; A. 10, from Queensland. 
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continuous with the supra-orbital border as a torus supra-orbitalis * (see Plate II. fig. 5). 
These additional examples strengthen the statement by Kiaarscu that the presence of 
a torus supra-orbitalis in the Neanderthal type did not constitute a fundamental differ- 
ence between it and modern man. In regard to the flattened condition of the frontal 
bone between the supra-orbital border, external orbital process and the temporal ridge, 
named by ScHWALBE the trigonum supra-orbitale, I described the character many years 
ago in the skulls of several Australian aborigines, and I stated that in this respect and 
in the prominent glabella and superciliary ridges they approximated to the Neanderthal 
eranium.{ Since then I have pointed out this character in the Tasmanian skulls de- 
seribed in Part I. of this memoir. 

The thickness and projection of the torus supra-orbitalis in anthropoid apes would 
lead one to think that in them the height of the orbit would be diminished in correla- 
tion with the thickness of the torus. On the contrary, in the anthropoids the orbital 
aperture has a relatively high vertical diameter, a rounded outline, and therefore a high 
megaseme orbital index. 

In order to give numerical expression to the character of the orbit in anthropoid 
skulls, | have measured the width and height of the aperture in the specimens in the 
University Museum and have computed the orbital index as in the human cranium. 
The collection contains the skulls of seven gorillas, five adult males, one adult female and 
a young specimen. In each adult the orbital width was somewhat greater than the height, 
the index ranged from 76°5 to 95'4 and the mean was 88°6. In the young gorilla the 
height 40 mm. was greater than the width 35 mm., and the orbital index was 114°3. 
In two adult chimpanzees the mean index was 94°2, and in two young skulls with the 
milk dentition it was 96°5. In four adult orangs the height was materially greater 
than the width, the orbital index ranged from 108°1 to 122°5 and the mean was 114°4 ; 
in two young skulls the mean was 106. In the skulls of five gibbons (Hylobates) the 
index ranged from 87°5 to 1041 and the mean was 93°9. 

In the Australians, again, a large proportion of the male skulls had prominent 
glabella, superciliary and supraorbital ridges, and in all the specimens which I have 
measured the width of the orbit invariably exceeded the height. In twenty males the 
orbital index in eleven was below 80, five of which were below 75, and the mean index 
81°4 was microseme ; the mean of nine women was 90, megaseme ; in four young skulls 
the mean was 83°5, microseme. 

In the nine Tasmanian skulls which I have measured, the orbital index ranged 
from 68°2 to 86'1, and the mean index was 79, 7.e. microseme. 

In illustration of the two diameters of the orbit in Europeans, I may take the 
dimensions obtained in my study of the Craniology of the people of Scotland.t 
I measured 125 skulls, 84 men and 41 women. In two skulls the height exceeded 


___* I did not give a figure of the eyebrow region of this skull in Part I. but fig. 5 in Plate II. of this Part shows 
~ the character of the region. 

+ Challenger Report, part xxix. p. 31, 1884. 

t Trans. Roy. Soc. Edin., vol. xl., part iii., p. 547, 1903. 
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the breadth, and the index was 102°6 and 102°8 respectively. In one skull these 
dimensions were equal, but in 122 skulls the width exceeded the height, though in 
several specimens by not more than 1, 2, or 3mm. In fifty-seven skulls the index 
was above 89, or megaseme; in thirty-three skulls it was below 84, or microseme; in 
the remaining thirty-three it was between 84 and 89, 7.e. mesoseme. In a considerable 
proportion of the Scottish skulls the aperture of the orbit was high in relation to the 
width and was somewhat rounded in outline. 

In the dimensions of the orbit the European, with the comparatively rounded out- 
line of the aperture, more closely approximated to the anthropoid character than did 
the Australian and ‘Tasmanian ; though these races in the form and projection of the 
supra-orbital region were more allied to the gorilla, chimpanzee and paleeolithic man 
than was the Huropean. It seems, therefore, as if the strong supra-orbital development 
did not produce so great an effect on the vertical diameter of the orbit as might at first 
seem to have been likely, though it should be kept in mind that the orang with its 
high orbital index does not have the supra-orbital region so strongly developed as in 
the gorilla and chimpanzee. 

Nasal Region.—A frequent character in the skulls of male Australians was a deep 
depression at the nasion, due to the projection of the glabella and the recession of the 
fronto-nasal suture. In the male Tasmanians a similar appearance was present, though 
usually not so strongly marked as in the Australians. The Neanderthal and Spy 
crania showed even more pronounced examples of this character. In Europeans, again, 
a strongly depressed nasion was quite exceptional, and could not be regarded as a race — 
character. Neither the gorilla nor the orang had a depressed nasion, and the glabella 
joined the root of the nose by a very gentle curve; in the chimpanzee the curve was 
more abrupt, though without the formation of an acute ‘nasion depression. In this 
feature, therefore, the Australian, the Tasmanian and paleeolithic man differed more 
widely from the anthropoids than is the case with the European. 

The form and articulations of the nasal bones also require to be considered. In 
the adult gorilla and chimpanzee, owing to the early obliteration of the facial sutures, 
it was difficult to state precisely the position of the fronto-nasal suture, and to measure 
the length of the nasal bones. In young animals, however, these points could be 
ascertained. In two chimpanzees, in the stage of the milk dentition, the nasals were 
fused together in each skull, and the conjoined bones were 20 and 14 mm. long” 
respectively. They ascended between the internal orbital processes of the frontal 
to the glabella, and were as if wedged in between the ascending processes of the 
superior maxille. They were only 3 mm. wide at the constriction in the middle 
of their length, but widened to 7 mm. near the tip. In an orang at almost the same 
stage of dentition, as well as in an older specimen in which the milk canines had not 
been shed, the nasals were fused and narrow, and were 22 and 23 mm. long respectively. 
In the adults the nasals were 30, 33 and 37 mm. long respectively, and seemed 
penetrate the substance of the glabella, in which they tapered to a point. In the 
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constricted part at the middle they were 4 mm. wide and expanded to 7 mm. near 
the free end. The surface was flattened, had no trace of a keel, and approximated in 
direction to the plane of the forehead. 

In the young gorilla the nasals, partially fused, were 47 mm. long and only 3 mm. 
wide at the constricted middle part, but expanded to 8 mm. near the fronto-nasal suture, 
and to 17 mm. near the free end, where the mesial part of the right nasal formed a 
separate ossicle (Pl. IL. fig. 7). In the adults the nasals varied in approximate length 
from 45 to 56 mm. ; they were fused in the middle line and marked by a distinct keel 
in the upper two-thirds, which faded away towards the free end. In two only of the 
gibbons (Hylobates) could a fronto-nasal suture be seen, and in them the nasals were 
6 and 9 mm. long respectively. Both the adults and the young had short, flattened 
nasal bones, fused together and destitute of a mesial keel. : 

The nasals in the large anthropoids were characterised by their length and slender 
form as compared with man. In the Australians, which I have measured, they varied 
in mesial leneth from 16 to 26 mm. in a straight line, and in greatest breadth from 
6 to 13 mm., whilst the mean length was 20°5 and the mean breadth was 10°4 mm. 
In the Tasmanians the length varied from 13 to 19 mm., and the greatest breadth from 
9 to 10 mm., the mean length was 16 mm. and the mean breadth was 9°5. In 
Huropeans, again, as | have found in Scottish skulls, the length varied from 21 to 
30 mm. and the breadth from 10 to 14 mm., whilst the mean length was 25-4 and 
the mean breadth 11°7 mm. ‘The osseous part of the nose constituted in the white 
races a more prominent feature than in the black races. The constriction in the middle 
and the attenuated upper end of the apes were not seen in the human nasal bones. 

Except in the gorilla, where an imperfect keel was present, the anthropoid nasals 
were not keeled mesially, and the nose was flattened and had no bridge. This condition 
also existed in the black races, in whom the profile outline of the nasal bones was 
concave upwards and forwards, and the curve was continuous with that of the glabellar 
convexity. In Kuropeans, again, the nasals sprang abruptly forwards and downwards 
from the fronto-nasal suture, and possessed the keel-like bridge which made the nose a 
characteristic prominent feature. Even in the infantile skulls of Europeans the nasal 
profile was, as development proceeded, set at an angle with the plane of the 
forehead. 

KtaarscH in his memoir expressed the opinion that a great difference existed in the 
formation of the external nose in man compared with anthropoid apes, in the latter of 
which, he thought, the external nose corresponded with only the lower portion of the 
human organ. He stated that the superior borders of the anthropoid nasals were on 
the same plane as the internal angular processes of the frontals. Further, that the upper 
limit of the external nose in anthropoids corresponded with the middle of their nasals, 
at a point named by him rhinion (which apparently signified the constriction de- 
seribed in the above paragraphs), and not with their superior borders. 

From my observations on the skulls of anthropoid apes, the nasals, in order to reach 
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the frontal, which they joined by a narrow articulation, definitely ascended beyond the 
upper ends of the ascending processes of the superior maxille at their articulation with 
the internal orbital processes. In modern man, again, the fronto-nasal suture was 
relatively broad and almost in the same transverse plane as the articulations of the 
maxille with the internal orbitals, though I have sometimes seen the suture a little 
higher in both the white and black races. So far as one can judge from casts, a similar 
condition existed in the Neanderthal and Spy skulls. 

I have found it difficult to accept Kiaatscn’s view of the morphology of the nasals ; 
so that in measuring their length in man and the anthropoids, | have proceeded on 
the basis that the nasal bones belonged to the nose and that the fronto-nasal suture was 
its upper limit. I have also followed the same course in measuring the height of the 
nose, one of the two factors required for computing the nasal index. 

The relation between the height of the nose, measured from the fronto-nasal suture 
to the base of the maxillo-nasal spine, and the greatest width of the anterior nares 
constitutes an important factor in craniometry. Two widely distinct types—one with 
a relatively long and narrow nose, called leptorhine, such as is the customary form in 
Europeans; the other with a relatively short and wide nose, platyrhine, such as is 
common in the black races—are recognised, whilst an intermediate mesorhine type is not 
unfrequently seen. I have examined the skulls of the anthropoid apes from this point 
of view and have computed a nasal index. The obliteration of the fronto-nasal suture 
in the adult chimpanzee and gorilla interfered with the exact determination of the 
height of the nose, so that with them I could obtain it only approximately, though 
it can be definitely stated in the young skulls. Keeping this in view, the mean nasal 
index in the two adult chimpanzees was 54, and in the two young specimens 48°4._ In 
the gorilla the index in four adults was below 48, and in a fifth 50°6, and the mean 
was 45°1; in one of the two young specimens the index was 47°3, in the other 50. In 
three adult orangs the highest nasal index was 45°4, and the mean was 44°7 ; in one of 
the two young ones the index was 46°9, in the other 62°5. In one of the two gibbons 
in which the suture was visible the nasal index was 45, in the other 57°1. 

If we employ the divisions of the nasal index which Broca and Flower suggested, 
and which I have adopted in my series of craniometrical memoirs, the mean nasal index — 
in the gorilla and the orangs was below 48, that is, leptorhine, whilst the mean in two 
adult chimpanzees was 54, that is, platyrhine. When these indices are compared 
with the measurements of human crania, and taking the Scottish crania which I 
have measured as illustrating the white races, the mean index in them was 42°5, 2.¢. 
leptorhine. In the Australians, again, the mean nasal index was platyrhine, and the 
occurrence of a nose with a leptorhine index was so rare that one was tempted to 
express a doubt of its authenticity. In my series of Tasmanian crania, the platyrhine 
character was strongly marked, a feature which prevailed in the black races generally. 
From this comparison it would appear that the chimpanzees in their nasal inde: 
approximated more to the black races, and the gorilla and orang more to the white 
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races. Owing to the imperfect facial skeleton in the remains of paleolithic man, the 
form and proportions of their nasal region are not definitely known. 

KuaatscH also attached great importance to the boundaries of the anterior nares, 
and he gave an interpretation of the appearance presented by that region in the 
anthropoid apes when compared with the Australians. In the apes each lateral 
boundary was formed by a sharp ridge which ended below on the incisor surface 
of the premaxille in a small prominence; KuaatscH named the ridge the crista 
prenasalis, Immediately posterior to it was a depression, the fossa prenasalis, 
bounded behind by a low ridge on the lateral wall of the inferior meatus, the margo 
mfranasalis, which passed inwards across the nasal floor and joined the root of the 
rudimentary anterior (maxillo-) nasal spine, which was recessed into the floor of the 
nasal chamber (PI. II. fig. 7). Kuaatscu considered that all these elements could be 
recognised at the nares of aboriginal Australians, and illustrated the transformation of 
the nasal cavity of the anthropoid apes into that of the higher races of men. The 
variations, he said, could be traced from a sharply defined crista preenasalis to 
skulls in which it and the fossa prenasalis had almost disappeared, the margo 
infranasalis had approached the opening of the nose, and had assumed the character 
found in Europeans, in which the opening was bounded laterally and below by the 
well-defined margo infranasalis and not by the crista. Ku uaatscn stated that though the 
Sydney Tasmanian at the first glance seemed to agree with the European, it really 
corresponded with the Australians, and the opening was bounded by the crista 
preenasalis and not by the margo preenasalis. In a careful comparison of this region 
in the Australians and in my series of Tasmanians, I found that behind the lateral 
boundary of the nasal opening a fossa preenasalis and a margo infranasalis were present 
in each Tasmanian, though better marked in some (PI. II. fig. 6) than in others. 
The anterior nares therefore had on each side, in addition to the external boundary, 
a descending ridge lying within the cavity and separated from the external boundary 
by a preenasal fossa. I also examined a number of skulls in the University Museum 
of Papuans, Melanesians, Polynesians, South and West African Blacks, Andaman 
Islanders, ete., which, whilst generally exhibiting similar characters, differed from each 
other in points of detail.* Usually, though not invariably, this form of anterior nares 
was associated with a prognathic upper jaw and with a rudimentary and recessed 
maxillo-nasal spine; also, as I described many years agot in Australian skulls, the 
boundaries of the anterior nares, instead of being almost perpendicular, and with a 
sharp edge, were smooth and rounded off where they became continuous with the nasal 
floor, and approximated in appearance to the nares of anthropoid apes. 

The prognathic character of the upper jaw was usually a strong feature in the 
Australians, Tasmanians and black races generally. The incisive region projected 
distinctly in front of the anterior nares, and was continuous with the floor of the nose, 

* T must leave for a future occasion an account of the more striking variations which I have seen in different races. 


+ Challenger Reports, 1884, p. 32, Pl. II. fig. 3. 
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without the intervention of a margo infranasalis; the roots of the incisor teeth were — 
directed obliquely downwards and forwards; the hard palate was frequently long and 
relatively narrow, and the roof of the mouth had the elongated character which I have 
named dolichuranic. The maxillary region contrasted therefore with the relatively 
vertical, orthognathic incisive region, the distinct margo infranasalis and the horse- 
shoe-shaped palate of Huropeans. 

Post-orbital Region.—Kuaatscu in his memoir * attached importance to the study of 
tracings of the horizontal outline of the cranium across the glabella in front, the inion 
behind, the ali-sphenoids and squamous-temporals laterally. He has reproduced a 
number of these tracings of Australian skulls and has compared them with Tasmanians, 
paleolithic mant and Pithecanthropus. I have had similar tracings made of the 
Tasmanian in the Brussels Museum, and of the skulls Nos. 5 and 7 in the University 
Museum included in my Part I. Both in the Brussels specimen and in No. 7 a deep 
post-orbital depression was seen, and I now reproduce (fig. 5, text) the tracing of the 
Brussels skull. In No. 5 the depression was not so strongly marked; but in each 
skull it was associated with the concave surface of the ali-sphenoid described on 
page 416. I have also for purposes of comparison had tracings made of two 
characteristic Scottish skulls, and I reproduce the outline of one, with the tracing of 
the Brussels skull superimposed (fig. 5). The following Table gives the most important 
measurements :— 


Tasmanians. Scottish. 
Brussels.| No. 5. | No.7. | B. 19. | B. 55. 
Glabello-inial diameter. : : : allt 180 185 184 183 
Supra-orbital breadth : ; 3 : : 95 93 101 94 98 
Breadth at post-orbital depression : é < 80 85 84 oF 100 
Index of post-orbital depression . E : 842 91-4 83-1 103°2 101 
Breadth at lower temporal lines . : ; : roll 96 107 115 113 | 


The temporal diameter between the curved lines was higher up than the post-orbital 
depression. The supra-orbital breadth in the Tasmanians taken between the temporal 
curved lines, some mm. above the external orbital processes, varied from 93 to 101 mm., 
and the mean was 96. The breadth at the deepest part of the post-orbital depression 
varied from 80 to 85 mm. KtaarscH from his measurements computed an index 


post-orb. dep. x 100 
supra-orb. breadth 


formula I obtained an index which ranged from 83°1 to 91'4 in my three Tasmanians, 
with a mean 86°2. In the series of eleven Australians measured by KuiAatscu the index 
ranged from 74°3 to 86°6 and the mean was 80°3. He also measured the two Spy 
crania, the mean index of which was 83°8 and the index of Pithecanthropus was 82. 


of the post-orbital depression by the formula By employing this _ 


* Op. cit. ; also in his earlier paper in Zeitschrift fiir Ethnologie, Heft 6, pp. 884-5-6, 1903. j 
+ Frarponz and Louxst (Recherches Ethnograph. sur des Ossements humains, Gand, 1887) figured the norma verticalis 
in the Spy and Neanderthal skulls in which the post-orbital depression is represented. 
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Fic. 5.—The horizontal outline of the Brussels Tasmanian is the black continuous line; that of the Scottish 
skull is the interrupted line. 
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In two Scottish skulls in the University Museum the tracings showed the breadth at the 


post-orbital depression to be a little more than the supra-orbital breadth, the index in 
each specimen was more than 100, and the mean was 102°1. In the outline drawing, 
fig. 5, the difference in the post-orbital depression in the Tasmanian and the Scottish 
skull can at once be recognised. The small number of specimens measured in each race 
scarcely sufficed as a basis for a wide generalisation, but as far as they go the Australian 
index was less than that in Pithecanthropus, in the paleolithic Spy skulls and the 
Tasmanians, As of these skulls the Tasmanians had the highest index, they approached 
nearer to the post-orbital index in the Scottish skulls, and in No. 5 the index was 91°4; 

The glabello-inial diameter in each skull was not quite equal to the maximum 
length of the skull, which is to some extent regulated by the degree of projection of 
the occipital squama, associated with the growth of the occipital end of the brain. 

In my descriptions of the Tasmanian skulls I have referred to their marked pheeno- 
zygous character, a condition which is produced not only by the arching of the 
zygoma, but by the depth of the post-orbital depression, and the tendency to flattening 
of the squamous temporal. ‘lhe deep concavity of the outer surface of the ali-sphenoid 
materially contributed to the post-orbital depression, and the infra-temporal crest, 
which separated the temporal and zygomatic parts of this surface from each other, 
was scarcely to be seen in some of the crania.* The horizontal outline of the 
Tasmanian skull corresponded, in the post-orbital depression, with those figured by 
Kuaatscu from skulls in the museums in London and Paris. In the Australians the 
skulls were also phcenozygous, but the surface of the ali-sphenoid was not so deeply 
concave as in the Tasmanians. In the Scottish skulls the zygomata were not visible in 
the norma verticalis, 7.e. eryptozygous, the ali-sphenoid was only slightly concave, 
and the transverse diameter at the temporal lines was wider than in Australians and 
Tasmanians. 

In one of my Tasmanian skulls, No. 10, the ali-sphenoid was cut off from the parietal 
by a tongue-like process of the squamous which articulated with the frontal, and in 
three an epipteric bone, or bones, was present on one or both sides. The parieto- 


sphenoid articulation varied from 5 to 11 mm. in the series of skulls. In the Challenger } 
Report, 1884, I reviewed the variations in the pterion in the skulls of man and apes, — 
and referred to Australian, Papuan, Melanesian, Polynesian, Kuropean and other skulls — 


in which I had seen the squamoso-frontal articulation and epipteric bones, though the 
frontal process of the squamous temporal occurred more frequently in the lower races 
than in Europeans. In a previous paper in which | had described skulls of the gorilla t 
| had pointed out that, whilst the squamoso-frontal articulation seemed to be the rule in 
the gorilla aud chimpanzee, in the orang again the ali-sphenoid sometimes articulated 
directly with the parietal, at others it was separated from it by a squamoso-frontal 


* Kiaarscu noticed the barely marked infra-temporal crest in the Tasmanian skull in the Sydney Museum. 
+ Proc. Roy. Soc. Edin., vol. v. p. 344, 16th Jan. 1865. Three skulls, adult male and female and a young one, 
which had been collected by M. pu Cxar.uv, and had been presented to the Anatomical Museum. 
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articulation. In the gibbonsalso similar variations occurred. In the old world monkeys, 
whilst the rule is for the squamous and frontal to articulate, in some crania this was not 
the case, and the ali-sphenoid joined directly the parietal. It was obvious, therefore, 
that both in man and apes the ossification in the pterion was subject to variation. When 
in man the squamoso-frontal articulation occurred, it was an individual peculiarity, and 
not a race character ; the same should be said of the occurrence of epipteric bones. 

As I have pointed out in Part I., variations in convexity occurred in the supra- 
inial occipital squama of the Tasmanian skulls, from a large rounded protuberance 
to an almost plane surface (though the inion in No. 5 formed the occipital pole), and 
consequently a modification in the depth of the space for the occipital lobes of the 
cerebrum was produced. It may suffice to state that the Brussels skull was 1 mm. 
less prominent than the mean of the previous series. When the occipital squama 
approximated toa plane surface it resembled the form of the Neanderthal skull in the 
occipital region, and when present in a skull it indicated, especially if the inion formed 
the occipital pole, a more primitive type of cranium.* 

Fronto-parietal region.—The forehead, bregma and vertex are important factors 
in the study of the curvatures of the vault of the human cranium. The forehead 
ascends from the glabella and supra-orbital region, more or less vertically, and then 
eurves backwards and upwards to the coronal suture and the bregma. In the male 
Tasmanians the lower forehead receded, though not to a great extent, and the frontal 
eminences were distinct. The upper forehead showed a mesial triangular raised area 
bounded on each side by a longitudinal depression. In width the forehead was narrow ; 
the diameter at the stephanion in ten males ranged from 99 to 111 mm., and the mean 
was 103°6 mm. 

In the Australians, whilst in females and young skulls the lower forehead receded only 
slightly, in adult males it definitely sloped backwards, in some specimens to a remarkable 
extent, and the frontal eminences projected feebly. A raised triangular mesial area was 
not a customary feature of the upper forehead, but frequently the line of the obliterated 
frontal suture was defined by a median ridge. The width of the forehead was, as a rule, 
greater than in the ‘lasmanians; in ten males the stephanic diameter ranged from 104 
to 120 mm., and the mean was 108 mm. In the male Scottish skulls the lower 
forehead only slightly receded; the frontal eminences were fairly marked, the upper 
forehead had neither a raised area nor a median ridge. The forehead was broad and 
capacious ; the stephanic diameter in ten males ranged from 116 to 130 mm., and the 
mean was 123°4 mm. In the Neanderthal cranium the division of the frontal into a 
lower and an upper forehead was faintly indicated, and the same remark applied to the 
frontal eminences ; no median frontal ridge was present; the stephanic diameter was 
approximately 109 mm. Of the two Spy crania, one showed a distinct transverse 
demarcation between the lower and upper forehead, and the frontal eminences were in 


* Huxtey, Man’s Place in Nature, 1863 ; also my paper “On the Fossil Skull Controversy” in Quarterly Journal 
of Science, April and October, 1864. 


448 PRINCIPAL SIR WM. TURNER ON 


it more distinct, but in neither was the frontal mesial ridge seen; the stephanic 
diameter was in one approximately 97, in the other 106 mm. In Pithecanthropus 
the frontal sloped backwards with a continuous curve from the glabella and supra- 
orbital region to the coronal suture; the frontal eminences were not visible, and the 
bone had a median ridge; the stephanic diameter was approximately 82 mm.* 

The bregma in the Tasmanians was flattened and the raised area formed a brepaim 
eminence continued backwards from the frontal, whilst it was bounded on a lower 
plane on each side by the longitudinal depression. 

In the Australians the sagittal ridge usually commenced at the bregma and passed 
backwards along the line of the suture; the vault sloped steeply downwards from the 
ridge to the temporal lines and parietal eminences, and the transverse curvature of the 
parietals was roof-shaped. In the Scottish skulls the sagittal ridge was absent or very 
faint ; at and in proximity to the bregma the transverse curvature in the parietal region 
was rounded, so as to give requisite accommodation for the frontal and parietal lobes of 
the cerebrum. In the Neanderthal was a faint bregmatic eminence, but no sagittal 
ridge ; the transverse curvature in the parietal region was rounded from side to side, 
and the greatest width was approximately 152 mm. The Spy crania had no definite 
bregmatic eminence; the sagittal ridge was indicated in one but not in the other; the 
vault from the sagittal suture to the parietal eminences and temporal ridges formed a 
gentle curve; the parietal width in one was 147 and in the other 154 mm. In 
Pithecanthropus the bregmatic eminence was distinct; the vault was flattened and 
there was no sagittal ridge ; the temporal curved lines were strong; the greatest width 
was 130 mm. 

Much attention has been paid of late years to the inclination of the frontal bone 
and its consequent effect on the frontal vault of the cranium, as well as to a possible 
change in the position of the bregma. ScHWALBE has diligently studied this question, 
and has come to the conclusion that the inclination of the frontal hinges upon two 
factors, the degree of elevation or depression of the bone, and the degree of its curva- 
ture.t ScHWALBE believed that the bregma could be displaced forwards, so that the 
frontal became more or less vertical. To measure the extent of this displacement he 
drew (a) a base line from the most prominent part of the glabella to the inion; (d) 
a line from the glabellar end of the base line to the most projecting part of the frontal, 
and he named the angle at their junction the frontal angle ; (c) a line from the bregma | 
to the glabellar end of the base line, and he named the angle at the junction of these 
lines the bregma angle. The more open the angles the more was the frontal region 
elevated. Kuaatson also attached great importance to the determination of the bregma 
angle. In Pithecanthropus, he said, it was very low, 41°, in the Neanderthal skull 45°; 


* These descriptions of the palzolithic skulls and Pithecanthropus are written from casts of the skulls in the 
University Museum. Owing to some of the surface markings being obscure, the measurements between these poi 
are tity approximately. 

“Studien iiber Pithecanthropus erectus,’ Zeitsch. fiir Morph. wnd Anat., Band 1, Heft 1, S. 1, 1899; “Der 
al Schadel,” Bonner Jahrbiicher, Heft 106, 1901. 
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‘in the two Spy crania 46° and 47°. In Australians, Kiaatscn found that it varied from 
51° to 62°, the mean being 57°5°. In eight Tasmanian skulls in the London and Paris 
museums he stated that the bregma angle varied from 54° to 59°, with the mean 57°3°. 
In my series of Tasmanian skulls I measured this angle in seven specimens, in which it 
varied from 54° to 60°, with the mean 57°1°. Kuaatson’s series and mine, comprising 
fifteen skulls, closely corresponded in the range of variation, and the mean 57° may be 
regarded as representing the bregma angle in the Tasmanian race. Kuaatscu found that 
in eight Australians the bregma angle varied from 50° to 62°, with the mean 56°8°. In 
seventeen Australians which I measured the range was from 50° to 62°, and the mean 
angle was 57°1—almost identical with the Tasmanians. In six Scottish skulls the 
bregma angle ranged from 54° to 58°, and the mean was 56°. ‘The variation in the 
mean bregma angle as between the Tasmanian, Australian and Scottish crania was 
only about 1°, and the Scottish skulls had the lowest mean of this series. 

As I have in this and several previous memoirs, for reasons which I have elsewhere 
stated, taken as my base line the nasio-tentorial plane of the cranium, I have now 
compared in the Tasmanians the angle formed by the nasio-bregmatic chord with this 
base line. I found it to range from 52 to 58°5, the mean being 55°5. In seventeen 
Australians it ranged from 53° to 62°, with a mean 58°4°. In six Scottish from 54° to 
62°, with a mean 57'1°. The Australians had the highest angle, the Tasmanians the 
lowest, and the Scottish were intermediate. In the measurements of the individual 
skulls and the mean obtained, the bregma-nasio-tentorial angle did not differ to a 
large extent from the bregma-glabellar-inial or bregma angle of ScuwaLse, though 
how far variations in these angles solved the problem of the frontal curvature is not a 
settled question.* ; 

In each of these groups of skulls I took the perpendicular from the bregma-glabellar 
chord, and also from the bregma-nasal chord, to the most projecting part of the outer 
surface of the frontal. In seven Tasmanians the perpendicular of the bregma-glabellar 
are ranged from 16 to 21 mm., and the mean was 18°5 mm. The bregma-nasal per- 
pendicular ranged from 20 to 27, and the mean was 24°3 mm. In seventeen 
Australians the bregma-glabellar perpendicular ranged from 11 to 25 mm., and the 
mean was 18 mm.; the bregma-nasal perpendicular ranged from 15 to 30 mm., and 
the mean was 23 mm. A skull from North Queensland, in which the bregma- 
glabellar perpendicular was only 11 mm., contrasted in its feeble frontal curve, in 


* For a criticism on the value of ScHwALBr’s bregma angle, of the elevation of the frontal bone through which its 
upper border moves upwards and forwards, in modern as compared with paleolithic man, and in consequence the 
supposed displacement forwards of the bregma and the more vertical direction of the frontal bone, I may refer to an 
important paper on the Australian forehead by the late Professor CUNNINGHAM in the volume of Anthropological Essays 
presented to Professor G. B. Tytor, 1907. CunNINGHAM objected to the value of the bregma angle, for not only is the 
lower end of the bregma-glabellar line subject to displacement from variations in the glabella itself, but the upper end 
is affected by changes in the other bones of the vault, independent of those due to elevation or depression of the 
frontal bone. The attempt to ascertain the position of the bregma by dropping a perpendicular to the base line and 
calculating the relative distance from the glabella to the point of intersection is not satisfactory, as different degrees 
of extension of the parietal and occipital regions, as well as differences in the growth of the frontal area, modify the 
position of the bregma. 
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which the differentiation of the lower from the upper forehead was feebly marked, 


with the well-arched forehead of another skull, also from Queensland, in which the 
corresponding diameter was 25 mm. In the six Scottish skulls the bregma-glabellar 
perpendicular ranged from 16 to 24, with the mean 19°8 mm.; the bregma-nasal per- 
pendicular ranged from 24 to 29 mm., with the mean 26°6 mm. 

From these measurements it will be seen that the frontal projection from the 
bregma-glabellar chord had in the Australians the smallest mean, 18 mm. ; it was a little 
stronger in the Tasmanians, 18°5, and distinctly greater in the Scottish skulls, 


198 mm. Similarly the bregma-nasal perpendicular had the smallest mean in the 


Australians, 23 mm.; next in dimensions in the Tasmanians, 24°3; and materially 
greater in the Scottish skulls, 26°6. It should be noted that where the measurements 
were made on skulls traced with a diagraph, they included the thickness of the bone, as 
well as the diameter of the cranial cavity from the inner surface of the frontal to the 
point on the chord from which the diameter was taken. Though the diagraph gave a 
faithful outline of the contour of the cranium, it did not differentiate the proportion of 
the perpendicular which belonged to the bone and that which appertained to the cavity. 
As an illustration, I may state that in one of the Australian skulls through which a 
section was made the perpendicular of the bregma-glabellar frontal are was 16 mm., 
the thickness of the frontal at its most projection was 11 mm., which left only 5 mm. 
for the diameter of the cavity of the frontal arc; whilst with the same thickness of 
bone the perpendicular diameter of the cavity measured from the bregma-nasal chord 
was 13 mm. By way of contrast I would cite the corresponding dimensions in a 
Scottish skull, in which the bregma-glabellar perpendicular was also 16 mm., of which 
the frontal bone was 6 mm. thick, leaving 10 mm. for the diameter of the frontal part 
of the cranial cavity. The thickness of the parietal and occipital bones has also to 
be considered in determining the length of the perpendicular, in estimating from it 
the cerebral proportion of the parietal and occipital ares on surface tracings made by 
the diagraph, and in comparing these tracings with mesial sagittal sections. 

The determination of the position of the vertex, the highest point on the summit 
of the cranial vault, has long been the subject of craniographical inquiry. Von Bazr 
measured the height from the plane of the foramen magnum to the most distant point 
in the median line of the summit of the skull, wherever it happened to be. This 
method was followed by Busx,* the skull being held in a horizontal plane parallel with 
the plane of the zygomatic arches. Barnarp Davis also tookt the base measurement 
from the plane of the foramen magnum. ‘This method was for a time adopted by 


myself and other British craniologists, and the vertex was regarded as a little behind — 


the bregma. Owing, however, to variations in the direction of this plane, Broca 
suggested { that the anterior border of the foramen magnum, or basion, a definite fixed 


* See Busx’s article in the Natural History Review, 1862, p. 352, and pl. viii. 
+ Thesaurus Craniorum, p. xiv., 1867. 
{ Instructions craniologiques et craniometriques, Paris, 1885, p. 68, 
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point at the base, should be selected, and the diameter from it to the bregma should be 
regarded as the vertical diameter. Since then the basi-bregmatic diameter has been 
generally accepted, and was adopted in my Challenger Reports and subsequent memoirs. 
Experience has shown that in a large number of skulls this diameter may be regarded 
as giving the maximum height, though in some specimens this may lie a few milli- 
metres behind the bregma. 

In the description of the Tasmanian skulls in Part. I. and of the Brussels skull in 
the present part, I have shown that the height was less than the breadth and the 
vertical index was therefore less than the cephalic; the mean vertical index in the 
Tasmanians was 71°1 and the mean cephalic index 74°72, whilst the mean breadth- - 
height index of the series was 95°5. In my Challenger Report, 1884, I analysed the 
relations of the height and breadth in one hundred and fifty crania of Australian 
aborigines, in eighty-five of which the height was more than the breadth; in fifteen 
they were equal; in fifty-one the height was less than the breadth, a character which 
was found especially in skulls from South Australia. In a series of one hundred and 
fifty Scottish skulls of both sexes I found that with six exceptions the breadth exceeded 
the height, and the cephalic index was more than the vertical. 

As regards the cubic contents the Tasmanians have a small cranial cavity. In my 
first series the capacity of the males ranged from 1100 to 1430 in one quite exceptional 
skull, with a mean 1235 ¢.c., and in the Brussels skull the capacity was only 1080 c.c. 
When conjoined with the measurements of other observers the mean capacity of the 
skull in Tasmanian men worked out between 1200 and 1300 c.c., although a fair pro- 
portion were only about 1100. My measurements of the Australians gave 1293 as the 
mean capacity of twenty men, and the range in them was from 1044 to an exceptional 
1514 ¢.c. In comparing crania which approximated to each other in maximum length. 
the capacity of the cranial box would be influenced by the relative proportions of their 
dimensions in breadth and height, and in the compensating influence which an increase 
in one of these two diameters would exercise over a diminished diameter in the other. 
‘Thus skulls with a vault more strongly arched in a sagittal direction, but roof-shaped 
in the transverse arc, do not necessarily have more brain space than crania with a more 
flattened form of the vault, if the latter have a greater breadth. ‘I'he Australians and 
Tasmanians, notwithstanding the differences in the relative dimensions either of breadth 
or height, approached each other in the mean cranial capacity. In the Scottish skulls, 
again, where length, breadth and height are all well marked, I obtained in seventy-three 
males a range from 1230 to 1855 ¢.c., the mean being 1478 c.c., and the lowest skull 
measured was only 5 c.c. less than the mean capacity of the Tasmanians. 

It is difficult to state precisely the cranial capacity of Pithecanthropus, the Neander- 
thal and Spy crania. ScuHwa.sE has given 1015 c.c. as the measured capacity of the 
skull cap, and 1230 as the estimated capacity of the Neanderthal cranium. Pithe- 
eanthropus was estimated by Dvusots, its discoverer, as having a capacity of possibly 


1000 c.c. It approached or was equal to the capacities of individual skulls which I 
TRANS. ROY. SOC. EDIN., VOL. XLVII. PART III. (NO. 16). } 67 
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have measured of the lower types of existing men. My measurements of the cranial 
cavity of five adult male gorillas, the largest of the anthropoid apes, gave a range 
from 410 c.c. to 590 e.c., the mean being 494 ¢.c.* Their mean capacity therefore is 
less than one-half of the mean of the Tasmanians and Australians as well as much 
below that of paleeolithic man. 

The comparison of the crania of the Tasmanians with their near neighbours the 
aborigines of Australia, with Scottish crania as illustrating an important European 
type, with the remains of paleeolithic man and with the anthropoid apes, leads to the 

following conclusions. 
| Europeans exhibited more closely than Australians and Tasmanians the characters 
of anthropoid apes in the rounded form of the orbital aperture and high orbital index ; 
in the appearance of the nasion; in the length of the nasal bones; in the greater 
relative height of the nose which gave leptorhine proportions to them and to the gorilla 
and orang. | 

On the other hand Australians and Tasmanians exhibited more closely than — 
Europeans anthropoid characters in the tendency to have the glabella, superciliary 
ridges and supraorbital borders massive ; in the keel to the bridge of the nose being 
absent or imperfect ; in the presence of crista and fossa przenasalis and margo infranasalis 
at the anterior nares ; in the rudimentary maxillo-nasal spine ; in the prognathic upper 
jaw ; in the greater diameters of the crowns of the teeth; in the tendency to a mesial 
ridge in the cranial vault; in the smaller size of the cranial box and of its eubic 
capacity ; in the stronger development of the torus occipitalis ; in the feeble projection 
of the chin and of the mastoid processes. 

RicHarp OwEN in his series of classical memoirs ‘“‘ On the Osteology of the Anthropoid 
Apes” + compared the characters of their skeletons with each other and with man. 
Whilst in some details of structure the Chimpanzee approximated to man, in other 
respects the Orang was more allied and in others the Gorilla ; so that, amongst existing 
species, no ape could be regarded in all its structural characters as approaching nearer 
to man than any other anthropoid. ‘There is no foundation therefore for the view that 
man is in direct descent from an existing species of ape. 

In the general summary of the osteological characters of the human skeletons 
described in my Challenger Repoit{ I stated that from their comparative study, 
evidence did not exist that any one race dominated in all its characters over other 
races; or that any one race in all its characters was lower than other races. There 
did not seem to be a graded arrangement, such as would warrant the statement that 
the white races, which we assume to be the most highly developed, had been derived, 


* “Distinctive Characters of Human Structure,” op, cit. ; also on Pithecanthropus (Jowrn, Anat. and Phys., 1895, 
vol. xxix. p. 424), he capacity of the orang is about 408 c.c.; of the chimpanzee, about 421 cc. 1 have 
measured female Australian skulls with a capacity between 930 and 998 c.c., and recently a Dravidian Bhee 
skull, 940 c.c. j 

+ Trans. Zool. Soc. London, vols. ii.-v., 1841-1866. 

{ Zoology, part xlvii. p. 119, 1886. 
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by successive stages of gradual perfecting of structure, from the lowest or from any 
existing black race. 

The survey to which the skulls and skeletons generally, of examples of the existing 
black and white races, have been subjected in this memoir and their comparison with 
the scanty remains of paleeolithic man and with the skeletons of the anthropoid apes 
give strength to the opinion which [| had previously expressed. 

To account therefore, on the theory of descent, for the origin of man’s physical 
structure from a pre-existing lower mammalian form, the pedigree of his body requires 
to be traced further back than the existing anthropoid apes. It is possible that 
Pithecanthropus may represent a stage in the process of evolution, and, from the 
dimensions of the calvaria and the apparent capacity of the brain case, it is in more 
direct line with existing man than with any form of ape with which we are at present 
acquainted. 


EXPLANATION OF PLATES I, II. 


The process blocks of figs. 1, 2, 3 are reproduced from photographs by Mr Ernest J. HENDERSON, who 
also traced the outline figures of the skulls reproduced in the text. Figs. 4 to 8 are reproduced from 
drawings of the objects made by Mr R. H. CampseE.t. 


Puate I. 


Fig. 1. Norma lateralis of the Tasmanian skull, No. 310, in the Royal Museum, Brussels. 
, 2. Fronto-parietal view of the same skull. 
,, 3% Norma facialis of the same skull. 

4, Occipital surface of Tasmanian, No. 7, Part I. in the University Anatomical Museum. L.supr., 
linea supreina; 7m., inion; scel., superior curved line (linea superior or torus occipitalis) ; 
er., crest; icl., inferior curved line ; prm., processus retromastoideus. 

The figures in this plate and figures 5, 6, 8 in Plate II. are reduced in size. 


” 


Puate II. 


Fig. 5. Supraorbital region with torus supraorbitalis, Tasmanian, No. 6, Part I. 
» 6. Nasal region, Tasmanian, No. 1, Part I., showing crista and fossa prenasalis and margo infranasalis. 
», @. Nasal region, young Gorilla, natural size, University Anatomical Museum. 
,, 8. Upper end of left femur, Tasmanian, Brussels Museum. 2, the extension of the articular area on 
the neck. 
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EXPLANATION OF FIGURES IN TEXT. 


Fig. 1, page 413, Tracing of vertical transverse arcs, Brussels skull; ap. anterior parietal region at 
bregmatic eminence ; mp. mid-parietal region at the sagittal groove and 

parietal eminences. . 

» 2, 45, 420. Mesial sagittal contour, Tasmanian, Brussels Museum. 


b. basion. bp. basi-perpendicular radius, _ brgl. bregma-glabellar line. 
bal. basi-alveolar radius. bl. ,, lambdal Fs bri. —,, ~~ lambdal chord’ 
bn. ,, nasal 4! bin. ,, Inial > lin. lambda-inial » | 
bg. ,, glabellar ,, nt. nasio-tentorial plane. gl. in, glabello-inian line. i 


bbr. ,, bregmatic ,, brn. ,, bregma-nasal chord. 


Fig. 3, page 431. Upper end of right tibia, skeleton Brussels Museum, « attachment of ilio-tibial-ban 
» 4, ,, 431. Tracing of external condylar surface of same tibia; a. anterior, p. posterior end. 
» 5, 4, 445. Horizontal tracing of outline of the Brussels Tasmanian skull and of a Scot h 
around the glabello-inian plane ; the broken line is the outline of the Scot 
the continuous black line that of the Tasmanian ; G.J. the glabello-inian line ; 
supraorbital breadth ; a/. sp. great wing of sphenoid ; sq. squamous-temporal. 
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Sir Wittram Turner: ‘‘ The Tasmanian Skeleton,” Part II., Plate I. 


Fic. 1.—Tasmanian, Brussels Museum. 


: Fic. 4.—Occipital Surface of No. 7, Part I. Fie. 3.—Tasmanian, Brussels. 
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Sir Winuiam Turner: ‘The Tasmanian Skeleton,” Part II., Plate II. 


Fic. 5.—Tasmanian, No. 6, Part I. 


Fic. 6.—Tasmanian, No. 1, Part I. 


x 


Fie. 8.—Tasmanian, left femur. Fic. 7.—Gorilla, juv. 
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XVII.—On the Fossil Osmundacee. By R. Kidston, LL.D., F.RS., F.GS., 
Foreign Mem. K. Mineral. Gessel. zu St Petersburg, Hon. Sec. R.S.E.; and 


D. T. Gwynne-Vaughan, M.A., F.L.8., Professor of Botany, Queen’s University, 
Belfast. (Plates I-IV.) 


(MS. received December 20, 1909. Read December 20, 1909. Issued separately March 24, 1910.) 


PAR LY.* 


The fossils dealt with in this part of our memoir should have been included in the 
first paper of the series had it been possible to treat the plants described in the order 
of the complexity of their structure. Unfortunately, however, the specimens did not 
reach our hands until Part I. was already published; and since we were no longer able 
to place them in their proper position in the sequence already embarked upon, it was 
decided to defer their treatment until the conclusion of the memoir. 


Osmundites Kolbei, Seward. 
(Pls. L., I.; and Pl. IIL, figs. 19-21.) 


1907. Osmundites Kolbei, Seward, “Fossil Plants from South Africa,” Geol. Mag., N.S., decade v., 

vol. iv. p. 482, pl. xx. figs. 2-4, pl. xxi. figs. 5a—d. 

This species was founded by Professor A. C. S—warp, on specimens discovered in 
South Africa by Mr Koxse in the Uitenhagen Series at Herbertsdale, Cape Colony. 
Our thanks are especially due to Professor Szwarp for obtaining permission from 
Mr Roerrs, Curator of the South African Museum, to hand over the specimens to 
us for microscopical investigation, thereby enabling us to render our account of 
the fossil Osmundacex more complete. 

A full description of the external features of the fossil, illustrated by figures, has 
already been published by Professor Sewarp, according to whom the plant must have 
been a large one, for he states that the fragments he examined indicate a stem about 
90 cm. long. The fossil has been subjected to much compression, and across its thickest 
part it measured 20 cm. by 6. As seen in transverse section (fig. 1) it presents the 
usual appearance of an Osmundaceous stock. The stem itself is comparatively narrow, 
and is surrounded by a very thick mantle of concrescent and closely adpressed petiole 
bases. When restored to its original uncompressed condition, the complete stock must 

* Part L, Trans. Roy. Soc. Hdin., vol. xlv., part iii. (No. 27), pp. 759-780, pls. i-vi., 1907. Part II., dem, vol. xlvi., 
part 11. (No. 9), pp. 213-232, pls. i-iv., 1908. Part III., ddem, vol. xlvi., part iii. (No. 23), pp. 651-667, pls. i.—viii., 


1909. 
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have presented a diameter of 14 cm. at least. The softer tissues of the stele and cortex 
were almost entirely destroyed before fossilization, and the sclerotic cortex which remains 
has in consequence collapsed. It is, therefore, impossible to give exact measurements ; 
but the stem itself, before it was compressed, must have been about 3°6 cm. in diameter. 
The inner cortex was composed of thin-walled parenchyma, and was quite narrow, being 
only 2 mm. wide in the fossil. The outer cortex consisted of fibrous sclerenchyma, and 
attained a width of as much as 4—5 mm. 


THE STRUCTURE OF THE STELE. 


The stele is very much flattened; so much so, in fact, that the two sides of the 
xylem ring are in some places actually in contact with one another (fig. 1). If 1t were 
restored to its original form it would probably measure about 19 mm. in diameter. 
The individual strands of the xylem ring show all the different variations in form 
characteristic of the modern Osmundacex, and frequently several of them are more or 
less joined together laterally to form continuous bands (fig. 2), as is also the case in 
species of the modern genus Todea.* The xylem strands in the ring are very numerous, 
amounting to as many as fifty-six. ‘The xylem elements are fairly well preserved, 
and consist of tracheze alone without any xylem parenchyma. The trachez are of the 
typical Osmundaceous type; that is to say, the pits are actual perforations, and several 
vertical series of them occur on each wall (fig. 3). They present the same appearance 
in transverse section as those of Osmundites Skidegatensis (Part IL., Pl. IL, fig. 7), only 
they are much less perfectly preserved. As seen in longitudinal section the pits are 
more or less oblong, and two to four series of them occur on each wall (fig. 3). The 
tracheze decrease in size towards the outer margin of the xylem, but the same multiseriate 
pits are seen throughout. The protoxylem elements alone have one series of pits, and 
are typical scalariform tracheee. 

As regards the soft peripheral parts of the stele, the xylem sheath alone is fairly well 
preserved at certain points. The phloem, pericycle, and endodermis are not recognisable 
as such, but their position is occupied by a zone of a brown structureless substance. 
If the endodermis had been well developed there is reason to believe that it would have 
left some indication of its existence, for the cortical cells in immediate contact with the 
stele have maintained their structure. 

The most interesting feature in the anatomy of Osmundites Kolbe: lies in the con- 
stitution of the central tissue of the stele occupying the position of a pith. Owing to 
the flattening of the stele this pith is, for the most part, very much compressed ; but a 
sufficient amount is still present at certain points to determine the fact that it did not 
cousist of a homogeneous tissue. Some of its constituents were so delicate that they — 
have completely disintegrated, and nothing can be made out as to their structure. It also 


* Spewarp and Forp, “ Anatomy of Todea, ete.,” Trans. Linn. Soc. Lond., Ser. I1., Bot., vol. vi., 1903, pl. xxix. fig, 29. 
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contained others which were of « more resistant nature, which occur scattered through- 
out its substance. ‘These resistant elements are unmistakably tracheal in form and 
appearance (figs. 4 and 14, M. P.). They sometimes occur singly, but are often found 
more or less collected together into groups (fig. 7). Their walls are well preserved and 
strongly thickened, and show a well-defined porose or reticulate pitting (figs. 5 and 6). 
They are very irregular in form, but are all more or less elongated. They vary greatly 
in diameter, often swelling out at some points into local inflations (figs. 6 and 7), having 
the appearance of short, blunt lateral lobes ; at other points, again, they become very much 
narrower. It is possible, however, that this variation in form may be due, to some 


Fic. 1.—Osmundites Kolbei. Diagram of the ring of xylem strands seen from the outside, showing how the leaf-traces 
depart without at once breaking through the xylem ring. 


extent, to the varying pressure they experienced during the flattening out of the stele. 
In addition to these undoubtedly tracheal elements, numerous other irregular vermiform 
cells occur in the pith which have fairly firm walls, but, so far as we were able to observe, 
have no pits or markings. All these elements are imbedded in a cellular matrix too 
much disintegrated for any certain determination as to its original structure. 

There is no doubt whatever that the tracheal elements are true and real constituents 
of the central tissue. It is impossible to explain them away as due to the accidental in- 
trusion of elements from the normal xylem ring. It is evident, in fact, that the central 
tissue of the stele was of the nature of a ‘mixed pith,” and, we believe, essentially 
sunilar to that occurring in the stele of Zygopteris Grayi, Z. corrugata, etc. It is 
possible, however, that various other tissue-forms were also present, transitional between 
the well-developed tracheze and the probably parenchymatous matrix. 


__ 
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THE DEPARTURE OF THE LEAF-TRACE. 2 


The departure of the leaf-trace in Osmundites Kolber is also of particular interest, 
because the leaf-gap in the xylem ring is not formed immediately above the departure of 


~ the xylem strand of the trace. On the contrary, as shown in text fig. 1, the inner 


portion of the stem xylem is prolonged upwards for some distance beyond the point. of 


a 


Fic. 2,—Osmundites Kolbei. Diagram of a vertical section through the departure of a leaf-trace from the xylem ring, showing 
that the xylem ring is not at once broken through. A pocket of parenchyma is formed, which gradually dies out below. 


departure of the leaf-xylem as a continuous plate of trache, separating the pith from 
the soft tissues in the axil of the leaf-trace. The text fig. 2 is a radial longitudinal 
section of the departing leaf-trace, and it also shows how it appears in transverse section 
at different levels. From the transverse sections it is also seen that the plate of xylem 
referred to above has a groove or furrow on its outer surface, which deepens as it passes 
upwards until it breaks through the xylem plate and thus forms the actual leaf-gap (cf 
also Pl. IL, fig. 13). Following the leaf-trace downwards (figs. 10, 11, 12), it is seen that 
the parenchyma of the xylem sheath in the axil of the leaf-trace is decurrent for some 
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distance into the xylem of the stem so as to form a little pocket. This, however, soon 
dies out below, leaving the protoxylem of the trace deeply immersed in the solid xylem 
strand of the stem (fig. 12). Lower down the protoxylem itself dies out. Fig. 14, 
Pl. IL, is a photograph of a longitudinal section of an actual leaf-gap. It is not, how- 
ever, quite vertical, and in consequence the internal wedge of xylem is probably some- 
what exaggerated in extent. 

All this may be expressed in another way by saying that in Osmundites Kolbei the 
departure of a leaf-trace does not at once cause a break in the xylem ring, whereby it 


Fic. 3.—Osmundites Kolbei. Diagram of a vertical section through the departure of a leaf-trace from the xylem ring, The 
xylem ring is not at once broken through. In this case only a very shallow parenchymatous pocket is formed. Contrast 
with text fig. 2. 


differs from the ordinary procedure in the modern Osmundacex. At the same time, 
leaf-traces are sometimes to be met with in Todea hymenophylloides, which depart 
exactly as described in Osmundites Kolber. 

Although the leaf-trace departure described above is by far the most frequent in 


Osmundites Kolber, still there is considerable variation in detail. For instance, the 


distance to which the plate of xylem extends above the actual departure of the leaf- 
trace xylem may be longer or shorter. Again, the decurrent pocket of soft tissues may 
be very short or entirely absent (text fig. 3; compare also figs. 8 and 9), in which case 
the protoxylem of the leaf will almost at once become completely immersed in the 
xylem strand of the stem. It is possible even that departures of the ordinary Osmunda 
type may occur, although such were not observed in our sections. 

It appears, therefore, that, as regards the departure of the leaf-traces, Osmundites 
Kolbet is transitional between Osmundites Dunlopi, where they leave no break at all 
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in the xylem ring of the stem, and the modern Osmundas, where the ring is broken 
through immediately the xylem of the leaf departs. 


THE STRUCTURE OF THE LEAF-TRACE AND PETIOLE. 


As seen in transverse section, the xylem of the leaf-trace departs from the stele of 
the stem as a stout and slightly curved band of almost even width. At its point of 
departure it possesses a single median protoxylem strand which is distinctly mesarch 
on the adaxial side of the petiole (figs. 15 and 16). Often, indeed, there is a very con- 
siderable amount of centripetal xylem to be seen, which does not entirely disappear 
until after the trace has entered the sclerotic cortex. Just as the sclerotic ring of the 
petiole separates off from the sclerotic cortex of the stem the protoxylem strand 
divides into two, and usually at the same time becomes truly endarch. "In some cases, 


Fic. 4.—Osmundites Kolbei. Diagram of stipular base of petiole in the outermost region of our material. 


however, a few centripetal elements are still present even so far out as this (figs. 17 
and 18). In the stipular base of the petiole the leaf-trace becomes more and more 
elongated, and its ends curl inwards until it attains the customary curved form 
characteristic of Osmundaceous petioles. In some of these outer traces the softer 
tissues of the meristele form a distinct zone surrounding the xylem (fig. 19, w). They 
are delimited by a layer of cells with dark contents (fig. 19, b), probably representing 
the endodermis, but the whole is too imperfectly preserved for further detail. 

The stipular wings of the leaf-bases are all concrescent in the neighbourhood of the 
stem; but further out the outlines of the separate stipules, although still closely 
adpressed, become quite distinct, their limits being defined by dark lines (fig. 20). The 
stipular wings are very short and stout, and in most cases consist entirely of parenchyma. 
without any sclerotic strands. The absence of such strands may be due to the fact 
that our sections did not-reach far enough up the petiole. Indeed, some of the outer- 
most appear to have a few sclerotic strands arranged as in text fig. 4. The sclerotic 
ring consists of fibrous elements and is homogeneous throughout. 
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THE Roor. 


The roots arise in pairs from the sides of the leaf-trace, just as the latter becomes 
free from the stele of the stem. They obtain a cortex of their own immediately on 
entering the sclerotic zone. In the coating of leaf-bases this cortex consists of an inner 
thin-walled and an outer thick-walled zone (fig. 21). The xylem strand is invariably 
diarch and of considerable thickness. Since a transverse section of the stock also cuts 
nearly all the roots transversely, they must have, for the most part, grown almost verti- 
eally upwards, as has already been described in other Osmundacez. 

Locality.—Herbertsdale, Cape Colony. Collected by Mr Korps, and presented by 
him to the South African Museum, Cape Town. 

Horizon.—Uitenhagen Series (Wealden). Associated with fronds of Cladophlebis 
denticulatu, Brongt. sp., and Cladophlebis Browniana, Dunk. sp.* 


Osmundites Schemnitzensis, Pettko, sp. 
(Pl. IID., figs. 22-27; Pl. IV., fig. 28.) 


1847. Berichte iiber die Mittheilungen von Freunden der Naturwissenschaften im Wien, vol. iii. 
p. 274 (fide Pettko). 

1849, Aslerochlena Schemnicensis, Pettko, ‘‘ Tubicaulis von Ilia bei Schemnitz,” Haidinyer’s Natur- 
wissenschaftliche Abhandl., Bd. iii., Theil 1., p. 163, pl. xx., Wien. 

1853. Osmundites Schemnicensis, Unger, “‘ Kin Fossiles Farnkraut aus der Ordnung der Osmundaceen,’ 
Denksch, ad. math. Naturwiss., Classe d. K. Akad. d. Wissensch., Bd. iv. p. 1, pl. i., Wien. 

1867. Osmunda Schemnitzensis, Stur, ‘‘ Beitr. z. Fl. d. Siisswasserquarze im Wien im Ung. Beck.,” 
Jahrb. d. K. K. geol. Reichsanst,, vol. xvii. p. 136, pl. ui. figs. 1-3. 

1869. Osmunda Schemnitzensis, Schimper, T'raité de Paléont. végét., vol. 1. p. 678. 

1873. Osmunda Schemnitzensis, Zeiller and Henry, Annales des Mines, 7°™° sér., tome ili. p. 278. 


py 


In consequence of the suggestion made in the first part of this work that Osmund- 
ites Schemnitzensis was possibly identical with O. Dowkeri, M. ZE1LLER kindly offered 
to place at our disposal some specimens of the former species collected by M. Henry 
and himself at the original locality of ha. This offer was gratefully accepted, and we 
take this opportunity of expressing to him our sincere thanks for enabling us to include 
Osmundites Schemnitzensis in this paper. 

The material received contained the remains of three distinct stocks and also frag- 
ments of the coating of leaf-bases. No traces of pinne, pinnules, or sporangia were 
found, although the late Dr Srurt describes impressions of fronds found in the same 
locality, which he refers to this species under the name of Osmunda Schemmitzensis. 

The following is an excerpt from the account by MM. Zerier and Henry 
describing the mode of occurrence of the specimens :—‘ Deposits of fresh-water quartz 

* Smwarp, “ Fossil Plants from South Africa,” Geol. Mag., N.S., decade v., vol. iv. p. 482, 1907. 


t Sror, “Beit. z. Fl. d. Siisswasserquarze im Wien im Ung. Beck.,” Jahrb. d. K. K. geol. Reichsanst., vol. xvii. 
p. 136, 1867. 
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are sometimes found in intimate relation with the rhyolites: we will mention two of 
them that are encountered between Steplitzhof and [lia in descending towards the 
latter village. The quartzes are generally white or yellowish, and are perfectly compact. 
Black spots of irregular form are to be noted here and there, generally bordered by an 
ochraceous band, this colouration being due to iron oxide or to organic matters. There 
are occasional veinlets in the mass or little ‘ géodes’ lined by small crystals of perfectly 
pure and hyaline quartz. The fresh-water quartzes of Illia enclose a great quantity of 
fossil plant remains. We have found there in abundance the rhizomes of Osmunda 
Schemnitzensis, Pettko, sp., surrounded by numerous petiole bases. We have also met 
with stems of Phragnutes Ungeri, Stur; fragments of the leaves of Fagus Deucalioms, 
Ung., with remarkably clear nervation ; and many pieces of fossil wood belonging to the 
Dicotyledons. The structure of these woods is unfortunately not sufficiently distinct for 
their positive determination ; it is possible, however, that they belong to a birch, the 
leaves of which we have observed. Finally, we have remarked a portion of a cone and 
fragments of some branches which appear to belong to Sequoia Langsdorffi, Brongt., 
(sp.). . . . In all probability, then, the eruptions of the rhyolites date from the end of 
the Miocene epoch, or perhaps from the commencement of the Pliocene.” 


DESCRIPTION OF THE SPECIMENS. 


Only two of the specimens actually contained stems. ‘The one figured (fig. 22) was 
the most perfect and the best preserved, and it contained a single axis. The other 
included two separate axes, the leaf-coatings of which came into close contact, and it is 
possible that they represent branches arising from a common stock. 

The diameter of the whole stock may be estimated as about 5 cm. The stem itself 
is only about 1°1 em., and consists of a central stele 4 mm. in diameter surrounded by a 
cortex showing the usual differentiation into an inner thin-walled zone (fig. 22, 2. C.), 
‘5-7 mm., and an outer sclerotic zone (fig. 22, 0. C.) about 3°5 mm. thick. The state 
of preservation of the cortex in the two specimens is very unusual and puzzling. In 
the specimen figured it is seen that the cellular structure of the thin-walled inner 
cortex is perfectly clear, while the sclerotic outer cortex shows practically no structure 
at all. The outer cortex was nevertheless thick-walled, for in the other specimen 
well-marked fibrous sclerenchyma can be made out in this region, whereas, in this case, 
it is the thin-walled inner cortex that has completely disappeared. We find it quite 
impossible to account for this curious freak of preservation. 


STRUCTURE OF STELE AND LEAF-TRACE. 


The xylem ring consists of seventeen to eighteen separate strands, typically 
Osmundaceous in form and appearance (fig. 28), surrounding a pith of fairly thick- 
walled parenchymatous cells that increase in size towards the centre. There is no 


a 
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xylem-parenchyma amongst the tracheze, which in longitudinal section exhibit the 
usual Osmundaceous multiseriate pitting. Of the soft outer tissues of the stele the 
xylem-sheath alone is well preserved, being three to five cells thick. The phloem and 
pericycle are too much disorganised for detailed description, but the phloem occurred in 
greatest quantity opposite the medullary rays, forming little wedge-like projections 
between the xylem strands. This is better shown in the other specimen than in the 
one figured. No distinct endodermis could be made out. 

The leaf-trace departs in exactly the same way as in the modern genera Osmunda 
and Todea (fig. 28). The soft tissues in the axil of the leaf-trace communicate directly 
with the pith immediately upon the insertion of the leaf-trace xylem upon that of the 
stem (fig. 28, /..‘). The arch-like strand thus formed closes in below to cut off a small 
island of parenchyma which soon dies out, leaving the decurrent leaf-trace protoxylem 


Fic, 5.—Osmundites Schemnitzensis, Diagram of transverse section of stipular base of the petiole in the outermost 
region of the specimen. 


completely immersed in the xylem strand of the stem, and this also eventually 
disappears. 

At the point of its departure from the stele the xylem of the leaf-trace has the form 
of an oblong strand with slightly enlarged and somewhat adaxially curved ends. There 
is a single median strand of protoxylem, which is truly endarch throughout (figs. 23 
and 24). On its way out through the sclerotic cortex the trace is accompanied by a 
sheath of parenchyma which is usually preserved even when the sclerotic cortex itself is 
gone; it appears in the photograph as a dark zone (fig. 22). The leaf-trace passes 
through the usual series of changes that result in the typical Osmundaceous curve (figs. 
25 and 26). In the coating of leaf-bases the petioles possess well-developed stipular 
wings. Their sclerotic rings are well preserved, and consist of homogeneous sclerotic 
fibres (fig. 27, scl.). A band of sclerenchyma is also found lining the adaxial concavity 
of the leaf-trace. This at first fills up nearly the whole of the concavity ; further out it 
is confined to a layer evenly coating the inside of the trace (figs. 25 and 26, 7. scl.) ; 
still further out the layer thins down considerably in the median region (cf. text fig. 
diagram 5). So far as we could make out there was no other sclerenchyma within the 
sclerotic ring. 
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The stipular wings contain a large number of isolated sclerotic strands whose form 
and arrangement varies with the level of the section in the stipule. At about the level 
which we have taken as presenting the typical] arrangement in the stipules of the other 
Osmundacee (text fig. 5), there is a large continuous strand in the central region, extend- 
ing from near the sclerotic ring to the margin of the stipule, and gradually decreasing in 
size towards the latter. There is also a large number of smaller strands of all sorts 
and sizes scattered irregularly throughout the wing (fig. 27) At lower levels in the 
stipule the structure is much the same, but the continuous central strand is broken up 
into a row of separate strands, of which the largest is near the sclerotic ring. 


THE Roor. 


The roots arise in pairs from the sides of the leaf-trace just as it separates off from 
the stem stele (fig. 28, /.t.*). They obtain a cortex of their own as they pass through 
the outer cortex of the stem. In the leaf-coating this cortex consists of an inner thin- 
walled and an outer sclerotic zone. The stele of the root is always diarch, and in all its 
details is a typical Osmundaceous root. In a few cases roots were met with inside the 
sclerotic rings of the petioles. 

Considerable difficulty is met with in separating Osmundites Schemnitzensis from 
its nearest allies. The distribution of the sclerenchyma in the stipular region of the 
petiole does not agree with that in any other species, fossil or living, so that it is in all 
probability a distinct species. Comparing it with the modern genera, the anatomy 
gives an impression that it is slightly nearer Todea than Oxmunda. On the other 
hand, the pinnz that are found in the same locality are definitely referred by Srur to 
Osmunda. On the whole, therefore, it is better to retain it in the genus Osmundites 
until a more complete knowledge of its general morphology is obtained. 

Locality.—Illia, near Schemnitz, Hungary. 

Hoiizon.—At the base of the Miocene, or perhaps at the commencement of the 
Pliocene. 


THe GEOLOGICAL DISTRIBUTION OF THE FosstL OSMUNDACEA. 


We have now described all the recorded fossils showing structure that we are aware 
of which appear to be Osmundaceous in character, with the exception of one referred to 
by Graf zu Sotms-Lavusacu.* This specimen was found loose in the alluvium of the 
river Lena in Siberia, and is contained in the paleontological collection of the University 
of Gottingen. From Sotms-Lausacu’s account this plant certainly belongs to the 
Osmundacex, and it appears to exhibit some features of such special interest that a 
more detailed description of the specimen is greatly to be desired. 

‘There is also a section in the British Museum collection (No. 2649), registered as 
Asterochlena Cottar, which is really a very badly preserved Osmundites. 

* Fossil Botany, English ed., p, 172. 
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The following table contains a list in chronological order of the species we have 
described, with a synopsis of their most important anatomical features. 
prominence the fact that the medullation of the stele and the subsequent breaking up 
of the xylem ring takes place pari pussu with the advance from the older to the 
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GENERAL REMARKS ON THE ANCESTRY OF THE OSMUNDACE. 


From the summaries appended to the several preceding parts of this memoir it is 
sufliciently clear that we regard the Osmundacez, as a whole, as an ascending series of 
forms whose vascular system is to be derived from a primitive protostele with a solid 
homogeneous xylem. At the same time it is clearly recognised that the existing 
Osmundacee do not represent the highest vascular complexity that has ever been 
attained in the order. They were already far surpassed by the Cretaceous Osmundites 
Skidegatensis, and it is quite possible that other fossil Osmundacex may yet be 
discovered that have advanced still further. There is, indeed, no reason why some 
forms should not have developed a vascular system which might be regarded as a 
dictyostele. Such an Osmundaceous dictyostele, if it ever existed, would, of course, 
have been arrived at by a series of steps entirely different from those traversed by the 
Polypodiacex, ete. The fact that the complex Osmundites Skidegatensis already existed 
in Cretaceous times forbids the summary rejection of the possibility that the more recent 
Osmundacex are reduced from some such type. It by no means follows, however, that 
such a reduction has actually taken place, and we prefer to regard both Osmunda 
cunnamomea and Osmundites Skidcgatensis as indicating a comparatively recent advance 
towards amphiphloic structure along an original line of their own. 

In whatever manner, however, this question may be decided, it does not in any way 
affect the stability of our main proposition: that the typical Osmundaceous stele has 
been derived by the medullation of a protostele with a primitively solid xylem, and the 
subsequent breaking up of the peripheral xylem ring thus formed into separate strands. 
The type of stele that finally results might fittingly be termed a dictyoxylic monostele. 
It follows, of course, that the first appearance of internal phloem in the more complex 
forms must have taken place in a stele that already possessed a pith. 

In taking this view of the matter, we find ourselves in complete accordance with Dr 
PauL ZENETTI, who came to much the same opinion fourteen years ago.* Dr ZENETTI 
arrived at his conclusions from a careful and exact study of the anatomy of Osmunda 
regalis alone, altogether without the support of the evidence that we have gained from 
the fossil representatives of the order—-evidence which we believe has raised this view 
from an astonishingly acute speculation to the status of a sound working hypothesis. 

Since this theory is chiefly based upon the interpretation of the structure exhibited 
bythe steles of Osmundites Dunlopt, Zalesskya gracilis, Z. diploxylon, and Thamnopteris 
Schlechtendah, it might perhaps be objected that it is hazardous to refer the two latter 
genera, at any rate to the Osmundacex at all. We only do so with a certain reservation ; 
all that is known of the plants in question is the structure of the stem and of the lower 
part of the leaf-trace, and it is, of course, impossible to say what might be done with 
them were we acquainted with the whole plant, including the spore-bearing organs. 
They might, indeed, possess unsuspected characters of such a nature as to necessitate 


* Das Letitungsystem im Stamen von Osmunda regalis wnd dessen Ubergang in den Blattstiel, pp. 25-26, 1895. 
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the establishment of a new order to receive them. At the same time, when the great 
range in structure of the vascular system found in the stems of such orders as the 
Polypodiacex, Gileicheniacex, Schizeacex, etc., is taken into account, there is absolutely 
nothing in the anatomy of Zalasskya and Thamnopteris that forbids their acceptance 
as true Osmundacex.* There is, in fact, a considerable amount of positive anatomical 
evidence in favour of this conclusion. In particular, we lay stress upon such a small, 
but we believe important, point as the occurrence of secretory sacs in the pericycle of 
the petiolar meristeles of Thamnopteris (Part III., Pl. XLVI. figs. 36 and 37)—a feature 
which has hitherto only been recorded in the leaf-trace of the modern Osmundacez. 
The geological antiquity of the two genera presents no serious obstacle to their inclusion 
in the order ; for sporangia, both isolated and attached to fronds, which might well be 
regarded as Osmundaceous, are not unfrequently met with even so far down as the 
Carboniferous formation. + 

In relation to this subject the question also arises as to whether all the species at 
present placed in Osmundztes ought really to be included in the same genus. In the 
first place, some of them, such as Osmundites Dunlopi, and perhaps O. Kolbei, are so 
distinctive as regards their anatomy that if all parts of the plant were known they 
might perhaps require a genus or genera of theirown. If even so little as the anatomy 
of the stem and petiole were completely known, such a step might become advisable. 
The porose layers might perhaps serve as a useful criterion for this purpose. These 
layers are known to be wanting in Zalesskya and Thamnopteris, but unfortunately the 
structure of the soft peripheral tissues of the stele in Osmundites Dunlopi and O. Kolber 
is as yet unknown. It would, therefore, be premature to alter their generic names in 
the present state of our knowledge. 


THE MEDULLATION OF THE OSMUNDACEOUS STELE. 


To return to the question of the medullation of the stele in the Osmundacex, The 
first step towards this result was the transformation of the trachee in the central region 
of the xylem into short, comparatively thin-walled elements, which, however, were still 
tracheal in nature.{ From this point there are two paths by which the final advance 
to a purely parenchymatous pith might proceed: (1) by the gradual but simultaneous 
conversion of all the central trachez into parenchyma; (2) by the early conversion of 
some of these elements while others still retained for a time their tracheal characters. 


* The striking similarity between these fossils and the stocks of the modern Osmundacew, even when judged 
superficially by the external appearance alone, has been pointed out by Mr CarrurHERs, although be does not goso far 
as to include them in the order (CARRUTHERS, Quart. Journ. Geol. Soc., vol. xxvi. p. 352, 1870). 

+ Scorr, Studies in Fossil Botany, 2nd edit., p. 291, 1908; Renavut, Cours de botanique fossile, pl. xxi. figs. 12-14, 
1883 ; Zurnimr, (1) “Etude sur la flore fossile du Bassin Houllier d’Héraclée,” Mém. Soc. Géol. de France, Mém. 21, 
p. 21, 1899: (2) Hléments de palébot., p. 65, 1900 ; Bower, “Is the Leptosporangiate or the Eusporangiate the more 
primitive type of Ferns?” Ann. Bot., vol. v. p. 126, 1891. 

{ The idea of a direct transformation of the central xylem of a protostele into parenchyma and other tissues has 
already been put forward by L. A. BoopzE in the Schizxacew: 1, “On the Anatomy of the Schizeacex,” Ann. Bot., 
vol. xiv. p. 410, 1901 ; 2, “Further Observations on Schizexa,” Ann. Bot., vol. xvii. p. 530, 1903. 
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The latter method, of course, presumes the existence of an intermediate stage in which 
the pith consists of trachezee mixed with parenchyma. Osmundites Kolbe at once 
determines our choice between these two alternatives by pronouncing so clearly as it 
does in favour of the latter. This decision once made inevitably leads us to regard 
the mixed pith of the Zygopteridex as being of the same nature and origin as that of 
the Osmundacex, especially so since we believe that the two orders have descended 
from a common ancestor. In Zygopterrs Gray: and Z. corrugata, however, the central 
area that has undergone the change also extends outwards in the form of arms or rays 
opposite the points of attachment of the departures until it has reached their decurrent 
protoxylems. In the lower part of their course, at-any rate, these protoxylems abut 
directly on to the pith. They have no longer any continuous centripetal xylem on 
their inner faces, and may therefore be regarded as endarch.* An Osmundaceous stele 
with a continuous ring of xylem and a mixed pith corresponding exactly to that of 
Zygopteris Grayt has not yet been found ; if it did exist, the difference between it and 
the stele of Zygopteris Grayr would lie mainly in the star-like outline of the latter. 
This, of course, is only a very superficial point, due entirely to the early and excessive 
prominence of the xylem of the departures. In Zygopteris corrugata even this 
difference is much less marked, and, since the leaves arise at a fair distance apart, its 
stele makes a close approximation to the hypothetical Osmundaceous stele mentioned 
above. Indeed, the resemblance between the stele of Zygoptervs corrugata and a 
primitive type of Osmundaceous stele has already been commented on by TansEy.t 

If the parallelism in stelar development in the Osmundacex and Zygopteridex is 
at all close we must anticipate the discovery of a primitive form of Zygopterid stele 
with a solid xylem mass, the central tracheze of which are short and transitional towards 
a pith, as in Zalesskya and Thamnopteris. 

Shortly after we had arrived at this conclusion we were shown a stele exactly of this 
type by Mr W. T. Gorpon in a block of Burntisland material that also contained a 
large number of petioles of Zygopteris (Diplolabis) Romer. We have followed Mr 
Gorpon’s painstaking and persistent work on this material with the greatest interest, and 
are delighted with his richly deserved success in establishing the organic continuity of 
this stele with the petioles in question.{ He has kindly allowed us to figure some of 
his preparations for the purpose of this paper, and fig. 29 is a photograph of this very 


* Incidentally this conception of a direct, in situ, metamorphosis of primary xylem into pith, if carried a point 
further, may throw some light upon the unusual structure of the primary xylem of the stems of Pitys antiqua and 
Calamopitys fascicularis as described by Dr Scorr (Trans. Roy. Soc. Edin., vol. xl., part ii. (No. 17), p. 331, 1902). 
These stems possess a pith surrounded by a large amount of secondary xylem. A certain amount of primary xylem 
is also present in the form of isolated strands with mesarch protoxylems situated in the pith at a considerable distance 
from the inner margin of the secondary xylem. 

It is possible that this may be accounted for by supposing that the protoxylems were originally immersed in a 
continuous zone of xylem, and that not only has the metaxylem lying between them become converted into pith, but 
also the greater part of that lying to the outside of them. So that all that is left of it isa few elements in immediate — 
relation to the protoxylem strands themselves, which remain in their original immersed positions, and are now sur- 
rounded by pith instead of metaxylem. 

+ The Evolution of the Filicinean Vascular System, p. 105, 1908. 

| Gorpon. Described in paper read at Roy. Soc, Edin., 20th Dec. 1909. 
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important stele. The xylem mass is more or less oval in outline, without any prominent 
angles, and is entirely composed of tracheze. There is, however, a very obvious distinc- 
tion between the elements of the central region and those of the peripheral zone (fig. 29, 
C. xy. and o. xy.). This difference is still better seen in longitudinal section (fig. 30), 
which shows that the outer xylem consists of normal elongated pointed trachez of fairly 
large diameter, with porose pitting. Those of the central mass, on the contrary, are 
short, blunt-ended, and vesicular. They vary considerably in size, but are narrower 
than the elements of the peripheral zone, and they undoubtedly possess typical tracheal 
markings (fig. 31). We have here, then, a Zygopterid stem with solid xylem fulfilling all 
the requirements made by our supposition. 


THE ZYGOPTERIDEAN LEAF-TRACE. 


The greatest stumbling-block in the way of this attempt to conceive of the Osmund- 
acex and the Zygopter:dex as converging towards a common ancestor, is the difficulty 
found in deriving such remarkably specialised types of leaf-trace as those of the 
Zygopteridex from the simple form held to be primitive in the Osmundacex. We 
believe that a valuable suggestion to this end is provided by those leaf-traces of 
Thamnopteris which in the neighbourhood of the stele possess two immersed proto- 
xylems situated at points more or less apart from the centre of the strand (Part III., 
Pl. V. figs. 33 and 34). If these traces were to retain this structure throughout the free 
petiole, and if their protoxylems were somewhat nearer the ends of the strand, the trace 
would present an appearance very similar to that of the fossil petiole Clepsydropsis 
antiqua (text fig. 7). Now, Dr Pavut Berrranp, in his recently published monograph 
on the Zygopteridean petiole,* has brought forward a great weight of evidence to prove 
that Clepsydropsis must be included in the Zygopteridex, and, further, that it possesses 
the most primitive type of Zygopteridean leaf-trace, from which all the other types may 
be directly or indirectly derived. Dr Brrrranp reaches this conclusion by a series of 
arguments entirely different from those which we have employed, and we only utilise 
his results in so far as they advocate the acceptance of Clepsydwopsis as one of the 
true Zygopteridex, although of a very simple type. Setting out, then, from our assumed 
primitive Zygopterid leaf-trace with a more or less oval or oblong xylem strand and an 
immersed protoxylem near each end (text fig. 6), as suggested by the above-mentioned 
leaf-traces of Thamnopteris, it is only necessary to modify its form along two directions 
in order to bring it into close conformity with the general ground-plan of the more 
complex Zygopterid types :—(1) The two ends of the xylem strand (as seen in transverse 
section) have to become more or less extended at right angles to its long axis. (2) Islands 
of parenchyma must appear in relation to the protoxylems, which also become extended 
in the same plane as the ends, each protoxylem dividing into two, which pass to the 
anterior and posterior ends of their particular islands. 

* Etudes sur la fronde des Zygoptéridees, Lille, 1909. 
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Here, again, we are in line with Dr Bertranp, who uses exactly the same principles 
in deriving the more typical Zygopterid traces from that of Clepsydropsis antiqua, and 
we had just reached this stage in our speculations when his stimulating monograph 
appeared. His important and extensive researches have cleared away many former 
misconceptions, and have brought to light a large number of new facts, and as a result 
of his investigation he has formulated a very interesting theory of the origin of the 
Zygopterid petiole. In accordance with this theory he has classified the various types 
into five series, which he regards as indicating natural lines of descent, and he gives a 
close and detailed account of the interrelationships of the several series. We quite agree 
with Dr Berrranp in so far that there seem to be several different lines of development 
in the group; but so much information is still wanting, not only as regards detail but 
in many cases even concerning the most critical points, that we fear the chances are 
against the ultimate success of so precise and exact a classification as he has adventured. 
Still, it is only by classifying the facts at our disposal that we can arrive at any sugges- 
tion of the actual lines of descent that are believed to exist in the order. In view, 
therefore, of the interesting results that Dr Bertranp has arrived at by the application 
of his theory, we feel justified in following his example by grouping together some of 
the best-known forms on the basis of the common possession of what appear to us to be 
the more fundamental characters. We must acknowledge our indebtedness to Dr 
Bertrand for many of his facts and some even of his conclusions, which, somewhat 
ungratefully, we are about to use in support of a rival theory. Of course, the practical 
utility of any such grouping must depend entirely upon the real fundamental import- 
ance of the characters that are selected as criteria. This in turn, in the absence of 
reliable information upon so many points, depends so much upon the personal factor 
that it is obvious that our arrangement may be seriously upset at any time by new 
discoveries. 

The most important and far-reaching distinction to be found among the different 
Zygopterid petioles appears to us to be the presence of a single row of appendages 
(‘‘pinnee”) on each side of the main rachis (text figs. 7-9), or of two such rows 
(text figs. 10-14). This distinction seems also to be correlated with two special types 
of “pinna” trace. In the first case the xylem strand of the pinna at the point of its 
departure from that of the main rachis has always the form of a closed ring (text figs. 
7-9). In the second it has the form ofa slightly curved band which ultimately divides 
ito halves (text figs. 10 and 11). In some cases, however, the band is represented by 
two separate halves even from the first, and the island is converted to an open bay 
(text figs. 12 and 18). 

Another distinction of minor importance is the degree of extension of the lateral 
islands of parenchyma, relative to the arms of the H. In some cases the island never 
reaches far beyond the lateral termination of the cross-bar of the H (text figs. 12 and 13). 
In others it reaches right up to the ends of the arms (text figs. 8-11). 

In applying the first and most important of these criteria it is found that the 
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following Zygopterrdee have only one row of “‘pinne” on each side of the 
main rachis: 

Zygopteris bibractensis, Renault— Will. 

Zygopteris corrugata, Will.* 

Zygopteris Williamson, P. Bertrand. 

Clepsydropsis antiqua, Unger. 

This group, in fact, coincides with Bertranp’s genera Ankyropteris and Clepsy- 
dropsis. 

The pinna-trace departs as a closed ring in all of them, and the island extends along 
practically the whole leneth of the arms, except in Clepsydropsis, where the arms may 
be supposed to be undeveloped, as in our hypothetical primitive trace (text fig. 6). 

The Zygopteridex with two rows of “‘ pinnze” on each side of the main rachis may 
be subdivided according to the relative extension of their parenchyma islands. In the 
first division the island extends the whole length of the arms, and the pinna-trace is 
probably always given off as a continuous band almost as long as the whole length of 
the arms (text figs. 10 and 11). 

Zygopteris Rémerz, Solms. 

Zygopteris forensis, Renault, sp. 

Zygopteris primaria, Cotta. 

Zygopteris duplex, Will. 

This division includes Brerrranp’s genera Metaclepsydropsis, Diplolabis, and 
Zygopteris (Z. primaria). 

In the second division the island hardly extends beyond tlie lateral termination of 
the cross-bar, and the pinna-trace is usually already double at or very near its point of 
origin (text figs. 12 and 13). 

Zygopteris Lacatter, Renault. 

Zygopteris Scotti, P. Bertrand. 

Zygopteris di-upsilon, Will. (= Z. Gray). 

Zygopteris tubicaulis, Goppert. 

? Zygopteris scandens, Stenzel. 

This division forms Berrrannv’s genus Htapteris. 

The interesting genus Dinewron (text fig. 14) also belongs to this group; but, 
since the arms are not developed, it cannot be assigned to one of the subdivisions more 
than to the other. In fact, Dinewron bears the same relation to the second group as a 
whole that Clepsydropsis does to the first group. That a Dineuroid type of trace 
teally is primitive in the second group is rendered very probable by Mr Gorpon’s 

* The vascular strands that we have observed to be given off from the free petiole of Zygopterts corrugata are all so 
small that they can hardly have supplied appendages of more importance than mere scales. Dr Scorr figures the 


insertion of such a scale near the base of a petiole, and compares it with an “aphlebia” (Studzes in Fossil Botany, p. 318). 


All the departures that we have seen suggest the same sort of thing. In fact, the occurrence of a fully developed 
pinna-trace equivalent to that of Zygopteris bibractensis has not yet been described in Zygopteris corrugata ; indeed, it is 


possible that none such existed. 
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account of the leaf-trace of Zygopteris (Diplolabis) Rémeri on its passage through the 
cortex of the stem.* As it passes in, the arms of the peculiar-shaped xylem strand 
gradually become less conspicuous, and the islands of parenchyma become smaller and 
smaller until it assumes the shape of an hour-glass, then the form of Dzneuron itself, 
and finally the islands disappear entirely and it is almost identical in outline with our 
hypothetical ancestral trace. 

It is clear that Dinewron and Clepsydropsis would serve excellently as primitive 
types from which to derive the leaf-traces of their respective groups. It would be a 
very easy matter to obtain all the various types of xylem strand that they exhibit by 
the simple application in varying degree of the principles previously laid down. Again, 
the great similarity in form between both Dinewron and Clepsydropsis and our 
assumed ancestral trace gives weight to the supposition that some such form is really 
the common starting-point for both groups. 

There is, however, one very pertinent objection still to be overcome. Our theory 
assumes, in the first place, that the Zygopterrdex are an ascending series of forms 
derived from a common ancestor with the Osmundacex. It further assumes that the 
type of frond possessed by the Osmundacex and by all other Filicales was primitive, 
and the Zygopterid frond has been derived from it. Now, the ordinary fern leaf has a 
single row of appendages on each side of the rachis, and appendages of all orders 
face the same way—towards the stem. To put it otherwise, the principal planes 
of symmetry of the appendages are practically parallel to that of the main rachis 
(text fig. 6). (In the text figure of our hypothetical ancestral trace the arrows 
indicate the planes of principal symmetry.) This brings us face to face with one of 
the most striking characteristics of the Zygopteridex; for even in those cases where 
there is only one row of appendages on each side of the rachis they face towards 
the rachis and not towards the stem. In fact, they bear the same relation to the 
petiole of the leaf that leaves normally do to an erect stem. To state it otherwise, 
again, their planes of principal symmetry are at right angles to that of the main rachis 
(cf. text fig. 7). 

In attempting to visualise this extraordinary state of affairs, it is of some assistance 
to consider what would happen if an ordinary fern leaf were to grow vertically erect 
throughout its whole rachis. In the first place, the lateral appendages would need to 
twist round through an angle of 90 degrees in order to expose the laminar expansions 
directly to the light. It is clear also that a two-ranked arrangement of the appendages 
would no longer be a good plan, for they would overshadow one another. It would be 
far better to arrange them in several rows, for the same number of appendages could 
then be borne with much less mutual interference. As a matter of fact, the rachis and 
its appendages are now affected by the general conditions in precisely the same way as 
an erect stem with its leaves, and a tendency towards a radial symmetry is only to be 
expected. ‘I’his state of affairs is actually realised in the Zygopterid petioles, and the 


* GorpDon. See note, p. 468. 
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difficulty of thinking of them as growing in any other way than rigidly erect has to be 
faced by every theory that is brought forward to account for them. 

It is not easy to think of erect leaves of this nature as growing from an upright 
stock, but such fronds are associated without difficulty with creeping or prostrate rhizomes. 
There is very little doubt that one Zygopterid stem, at any rate, wasarhizome. We refer 
to Zygopterts Rémeri, where the small size of the stem relative to the leaves, the apparent 
absence of supporting sclerenchyma, and the presence of numerous irregularly distributed 
adventitious roots, all point to a subterranean habit. At the same time, other Zygopterid 
stems seem to have grown erect, but even in this case the leaves may have been approxi- 
mately erect. However this may be, our suggestion is that a leaf of the ordinary 
fern type took to a more or less rigidly erect habit, and its whole structure accommodated 
itself to the change. By what morphological steps this change took place is another 
question which it is not proposed to discuss here, because we have as yet no tangible 
evidence to bring forward in favour of any of the conjectures that might be made. 

This theory of a primitively two-rowed Zygopterid leaf is in opposition to that held 
by TansLteY and Berrranp. These authors maintain that the Zygopterid leaf was 
primitively radially symmetric, with appendages all around—a theory which is bound 
up with the supposed origination of the leaf as a subsidiary and outgrown branch-system 
of the main axis or stem. As these displaced branch-systems began definitely to take 
up the function of leaves, they gradually lost their radial symmetry by reducing their 
lateral appendages—first of all, to two rows of opposite pairs, and finally to a single row of 
appendages on each side. TaNsLEy regards Stawropteris as the most primitive Zygo- 
pterid petiole, because it appears to retain so much of the supposed original radial 
symmetry. On the other hand, Berrranp shows that the radial symmetry is more 
apparent than real, and regards Stawropteris as one of the most specialised types in the 
order—a point upon which we are heartily in agreement. 

In conclusion, it would appear that, although the stems of the Zygopteridex possess 
a comparatively primitive type of stele, their leaves have advanced very far indeed along 
special lines of their own—lines quite peculiar to the order, which have culminated in 
the production of two rows of appendages on each side of the rachis. In Anachoropteris 
they may even have returned again to a single row by the reduction of the adaxial 
appendages—a suggestion first put forward by TaNnsLry, and now supported by BERTRAND. 
In any case, the order as a whole is so far advanced beyond anything really primitive 
in the Filicales that they certainly do not deserve to rank among the Primofilices. In 
fact, no group of plants has yet been described whose general structure is such that the 
application of this term to them appears to be justified. 
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DESCRIPTION OF THE FIGURES. 


(The figures are all from untouched photographs.) 


Puate I. 
Osmundites Kolbet. 


Fig. 1. Transverse section of the stock. x about 3. (Slide 1760.) 

Fig. 2. Portion of xylem ring showing several strands in lateral continuity. x14. (Slide 1762.) 

Fig. 3. Longitudinal section of the trachee of the normal xylem ring showing multiseriate pitting. 
x 200. (Slide 1765.) 

Fig. 4. Longitudinal section of the stem. M.P., the mixed pith with irregularly scattered groups of 
tracheal elements ; J.¢., leaf-trace. x10. (Slide 1765.) 

Fig. 5. A lobed and swollen trachea from the mixed pith in longitudinal section. x70. (Slide 1765.) 

Fig. 6. The same trachea under higher magnification to show the type of pitting. x 200. (Slide 1765.) 
Fig. 7. Longitudinal section showing a group of irregular trachee in the mixed pith. x70. (Slide 


1765.) 
Puate II. 
Osmundites Kolbet. 


Figs. 8 and 9. Transverse sections of leaf-traces without any decurrent islands of parenchyma on their 
adaxial sides. x20. (Slide 1762.) 

Fig. 10. Transverse section of a leaf-trace showing the usual method of departure with a decurrent 
pocket of parenchyma, x20. (Slide 1761.) 

Fig 11. Transverse section of a similar leaf-trace lower down; the pocket of parenchyma has become 
enclosed. x30. (Slide 1760.) 

Fig. 12. Transverse section of the xylem strand of a leaf-trace with the»protoxylem (prx.) completely 
immersed. x 30. (Slide 1760.) 

Fig. 13. Transverse section of a leaf-trace with its xylem strand quite free from that of the stele, but 
the leaf-gap in the xylem ring still not quite broken through. x20. (Slide 1763.) 

Fig. 14, Longitudinal section of the stele showing the departure of a leaf-trace. J.g., leaf-gap; lt. pkt., 
the decurrent pocket; M.P., mixed pith. x10. (Slide 1764.) 

Figs. 15 and 16. Transverse sections of leaf-traces in the inner cortex of the stem showing mesarch 
protoxylems. x30. (Slide 1761.) 

Figs. 17 and 18. Transverse sections of leaf-traces in the outer sclerotic cortex ; there are two proto- 
xylems which are still slightly mesarch. x30. (Slides 1766 and 1760.) 


Prats III. 


Fig. 19. Osmundites Kolbet. Transverse section of a leaf-trace in the free petiole. sel., sclerotic ring 
of petiole ; a, soft tissues of the leaf-trace ; 0, dark layer, probably endodermis. x8. (Slide 1767.) 

Fig. 20. Osmundites Kolbei. Transverse section of the stipular base of the petiole. et. l., petiolar 
limits ; sc/., sclerotic ring of petiole. x4, (Slide 1767.) 

Fig. 21. Osmundites Kolbei. Transverse section of two roots on their way out through the coating of 
leaf-bases. x30. (Slide 1766.) 

Fig. 22. Osmundites Schemnitzensis., Transverse section of the stock. 7.C., inner cortex ; 0.C., outer 
cortex. x about 3. (Slide 1686.) 

Figs. 23 and 24. Osmundites Schemnitzensis, Transverse sections of the xylem strands of leaf-traces 
near the stele ; each has a single endarch protoxylem. x30. (Slide 1686.) 

Fig. 25. Osmundites Schemnitzensis. Transverse section of the free leaf-trace in the cortex of the 
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stem. The endodermis is seen to curve round into the concavity of the trace. 7.scl., band of sclerenchyma 
lining the coneavity. x30. (Slide 1686.) 
Fig. 26. Osmundites Schemnitzensis. Transverse section of a leaf-trace still further out. d.scl., as 
before. x30. (Slide 1680.) 
Fig. 27. Osmundites Schemnitzensis. Transverse section of the stipular base of the petiole showing 
sclerotic strands in the stipular wing.  sel., sclerotic ring. x8. (Slide 1682.) 


Puate LV. 


Fig. 28. Osmundites Schemnitzensis, Transverse section of the stele. 0.C., outer cortex; 7.C., inner 
cortex ; 1.¢.1, departing leaf-trace showing the soft tissue in its axil continuous with the pith; /.2.2, departing 
leaf-trace showing attachment of roots 7,7. x30. (Slide 1685.) 

Fig. 29. Zygopteris (Diplolabis) Romert. Transverse section of the stele of the stem. o.xy., ring of — 
normal xylem ; c.zy., central xylem of short trachee. x 18. 

Fig. 30. Zygopteris (Diplolabis) Romert. Longitudinal section of the stele; lettering as in fig. 29. 
x 18. 

Fig. 31. Zygopteris (Diplolabis) Rémeri. Longitudinal section of xylem more highly magnified, showing — 
the pitting. 110. 

(The specimens from which figs. 29-31 are taken were kindly lent to us by Mr W. T. Gorpoy.) 
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XVIII.—The Lamellibranchs of the Silurian Rocks of Girvan. By Wheelton Hind, 
M.D., B.S., F.R.C.S., F.G.S. Communicated by Dr J. Hornu, F.R.S. (With 
Five Plates.) 


(MS. received February 2, 1910. Read March 16, 1908. Issued separately August 30, 1910.) 


INTRODUCTION. 


The task of examining and determining the fine series of lamellibranchs collected by 
Mrs R. Gray in the Girvan district, from rocks of Llandeilo, Bala, and Llandovery age, 
has been no light one. In the first place, the literature of the subject is very scattered, 
and is chiefly to be found in the various reports of the Geological Surveys of the 
different States of North America and Canada. The work of British paleontologists is 
to be found in the publications of the Geological Survey and in various periodicals, but 
nothing systematic has been attempted before in this country, although SowrErBy 
described and figured, in an appendix to Murcuison’s Silurian System, all the known 
species. Under these circumstances there has been the greatest difficulty in studying 
original types, many of which are Swedish or North American. 

I haye to acknowledge my obligations to Dr Tratt, the Director of H.M. Geological 
Survey, and the Palzontologists, Dr Kircuin and Mr Aten, who have placed all 
their type specimens at my service; and to Mr H. Woops, of the Sedgwick Museum, 
Cambridge, who has also lent me the species described by M‘Coy in his British 
Palzxozoic Rocks and Fossils. But unfortunately these fossils were not of much assist- 
ance, for I found that few of them were represented in the suite of specimens from 
Girvan, and have therefore had to trust, in many cases, to the descriptions and figures 
of American authors for the identification of the species. 

The number of specimens in Mrs Gray’s collection which I could refer to no known 
Species is comparatively large; hence I have been compelled to describe a number of 
new specific forms, often, unfortunately, on single specimens. Again, owing to the 
indifferent preservation, or to the fact that the hinge plates and internal structures 
were not exposed, difficulty has arisen in deciding as to which of the many genera 
erected by American authors it was advisable to refer certain species. Hence, in the 
future, fresh material may necessitate some ‘revision in the names of genera now 
assigned. 

~The lamellibranch fauna as a whole has a very strong generic affinity with the 
fauna described by Haut from the Devonian rocks of North America.* A com- 
paratively large number of genera extend from Ordovician to Devonian time, though, 
from our present knowledge, it would seem that the species of each genus were far 


* Geol. Survey New York, Pal., vol. v., pt. i., Lamellibranchiata, pt. i. and ii. 
TRANS, ROY, SOC, EDIN., VOL, XLVII. PART III. (NO. 18). 71 
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more numerous in the Devonian rocks. Several genera persist into Carboniferous 
times, but in them many genera are represented by fewer species than obtained in the 
Devonian period. 

The most striking feature of the Ordovician lamellibranch fauna, when compared 
with those from the Devonian and Carboniferous rocks, is the absence of shells 
belonging to the Pecten family. Two species only seem to me to be in any way 
related to the Pectinide, and for them I have erected the new genus Protopecten. 
The Aviculidee, on the other hand, are represented by the genera Pterinea, Goldfuss, 
and Leptodesma, Hall. The number of genera having modioliform or mytiloid 
characters is large, but these, though modioliform in shape, have, in most cases, well- 
developed cardinal and lateral teeth in the hinge plate. The Nuculide are represented 
by Nucula, Nuculana, Ctenodonta, and Palxoneilo, the last two apparently dying 
out in Carboniferous times. The nuculiform type of hinge is, therefore, very old 
and remarkably persistent. The type of hinge developed in Cyrtodonta, Billings, 
persisted with very slight change in detail to Cretaceous times, being represented in 
Mesozoic rocks by Grammatodon, Meek and Hayden. ‘That curious genus 
Conocardium shows the same peculiar habits of growth in Ordovician times that 
it does in its last representative of the Carboniferous period. One cannot help being 
struck by the remarkable degree of stability shown by the class of lamellibranchs 
through all ages, and not only in the persistence of type, but also in the permanence 
of structural detail. I have not been able to assure myself that any of the Ordovician 
lamellibranch genera were sinupalliate, and surface ornamentation is, as a rule, much 
simpler than obtains in Devonian and Carboniferous species. Very few lamellibranchs 
have been described from rocks older than Ordovician. Hicks figured and de- 
scribed in 1873 twelve species referred to five genera, from the Tremadoc series of 
St Davids (op. supra cit.), the genera Ctenodonta and Modiolopsis and Palearca 
(Cyrtodonta) being represented; and others have been described by WatcorT 
from the Olenellus zone of North America. Pracw has recorded, in the Geological 
Survey Memoir on “The Geological Structure of the North-West Highlands of Scot- 
land,” the presence of one genus of lamellibranchs. 

SALTER described a series of derived lamellibranchs found in the Triassic pebble 
beds of Budleigh Salterton, the exact age of which is doubtful. Certain genera, we 
thus learn, were in being in Cambrian times, and nothing whatever is known of their 
ancestors. In the examination of the fine series of lamellibranchs in Mrs Gray's 
collection, I have not been able to learn anything as to lines of descent of the various 
genera. The great lesson gained is the knowledge that many genera have been in — 
existence for immense periods of time. 

The general succession and subdivisions of the Girvan series, as worked out by 
Professor LapwortH, are given in the following table, from which it will be seen that 
there is a marked divergence in the lithological characters of the strata from those in 
the central Moffat region of the south of Scotland. In most of the subdivisions there 
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is a great development of coarse sediments, consisting of conglomerates, grits, 
_greywackes, flagstones, mudstones, and shales, implying deposition near land and in 
comparatively shallow water. As might be expected from the foregoing conditions, 
e Girvan series yields organic remains in profusion, on certain horizons. Of special 
aportance are the bands of graptolite shales, yielding many of the zonal forms of 
the Moffat region which enabled Professor Lapworru to correlate the Silurian divisions 
of the Girvan and Moffat areas. 


TABLE OF SILURIAN STRATA, GIRVAN. 


Thickness. 
1. Blair and Straiton Beds.—Grits, flags, and shales. Beyrichia Kladent . 500 feet. 


2. Drumyork Flags, Bargany Group.—Shales, ete. Cyrtograptus Grayi, 
Monograptus priodon : F : ; é : 1100 feet. 
1. Penkhill Group.—Grits, purple shales. “Monograptus exiguus, Crossopodia 1000 feet. 


Tarannon. |Wenlock. 


3. Camregan Group.—Grits, limestones, shales. Rastrites maximus, 


e Pentamerus . , : : : : ; : 200 feet. 
a 2. Saugh Hill Group. —Flagstones, shales. Monograptus spinigerus, 

ie Rastrites peregrinus ‘ , 3 : 500 feet. 
= 1, Mulloch Hill Group. Conglomerate sandstone, ‘shales, Diplograptus 
| acuminatus, Meristella . : ; : < 350 feet. 


| Ardmillan Series. 
5. Drummuck Group.—Mudstones, with Star-fish beds on top. Dicello- 


graptus anceps, Trinucleus . ‘ ; ; ‘ : 400 feet. 
8 4. Barren Flagstone Group.—Diplog graptus " (Orthograptus) truncatus, 
eS Nematolites . : : : 800 feet. 
3 3. Whitehouse Group. —Dicellograptus, Pleurograptus, trilobites ; . 300 feet. 
- 2. Ardwell Group.—Flagstones, — shales. Climacograptus  caudatus, 
Dicranograptus . : : : : F 1200 feet. 
1. Balclatchie Group. —Mudstones, conglomerate, Climacograptus bicornis. 
Fossils abundant . é ? ; : : : : : : 100 feet. 


Barr Series. 


aren, IN. | 


4 

% & | 4 Benan Conglomerate . . : : } f 500 feet. 
a 3. Graptolitic “Mudstones. _Didymograptus super -stes. : : : : 30 feet. 
mM | 2. Stinchar Limestone.—Trilobites, brachiopods, corals. : 5 60 feet. 
‘s | 1. Kirkland Group.—Sandstones, conglomerate. Orthis confinis. Local 
unconformability . : 3 : : : é : ‘ : 240 feet. 


3. Radiolarian Cherts, mudstones, volcanic tuffs, Arenig and Lower 


Llandeilo cherts. 70 feet. 
fa 20 2. ere Head Black Shales.—Interleaved ‘with volcanic agglomerate. 
<3 Tetragraptus bryonoides . b 3-4 feet. 
ee 1, Volcanic rocks, lavas, tuffs, with fossiliferous intercalations Approxi- 

mate thickness ? : : : ; a : 1500 feet. 


Base nee seen. 
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BIBLIOGRAPHY. 


The earliest allusion to fossil lamellibranch shells from Silurian or Ordovician rocks 
appears to be WaHLENBERG, Act. Soc. Upsal., 1821; Dauman, Act. Holm., 1827, 
p. 372, and HistncEr, 1826, Petrefact. Suec., p. 68, both referred to by SowERsy as 
figuring the shell now known as Goniophora cymbeformis under the name Cardites 
carpomorphus. 


1839. Sowrrsy, in Pt. II. of Murcnison’s Silurian System, describes Cypricardia? amygdalina, C.? 
tmupressa, CU. ?undata, C. ? retusa, C. cymbeformis, Pullastra complanata, Cucullxa antiqua, Nucula ? 
ovalis, Avicula retroflexa? and A. lineata from the Upper Ludlow rocks; Mya rotundata, Cardium 
striatum, Avicula reticulata? from the Aymestry limestone ; Cypricardia solenoides, Psammobia 
rigida, COardiola fibrosa, C. interrupta, Modiola semisulcata from the Lower Ludlow rocks. From 
the Caradoc limestone and Llandeilo flags, Arca Eastnori, Nucula lxvis, Avicula orbicularis, 
A. obliqua. 

1836-1840. Goxpruss, Petrefacta Germanica. Various species are included in this work. 

1841. Conran, Annual Geological Report of the State of New York. 

1843. Porrtock, Geol. Report on Londonderry and Parts of Tyrone and Fermanagh, in which are 
described Mytilus cinctus, M. semirugatus, Modiola Brycet, M. expansa, M. Nerei, M. securiformis, 
Avicula orbicularis, Inoceramus contortus, I. priscus, I. transversus, I. trigonus, Posidonomya 
venusta, Cypricardia simplex, Arca cylindrica, A. dissimites, A. Hastnori, A. obliqua, A. regularis, 
A. subtruncata, A. transversa, Pectunculus ambiguus, P. Apjohni, P. semitruncatus, Nucula acuta, 
NV. radiata. 

1845. Murcuison, bE VERNEUIL, and pe Keryseruine, Géol. de la Russie de l'Europe, vol. ii., pt. iil., 
“‘Paléontologie,” in which is figured and described, from the Silurian beds of Russia, Cypricardia 
Deshayesiana. 

1846. M‘Coy, Synopsis Silurian Fossils Ireland. In this the following new species are described :— 
Lucina bulla, Pullastra speciosa, Nucula subucuta, N. subcylindrica, Arca quadrata, A. scitula, 
Pierinea fimbriata, P. orbicularis, P.? panopwaformis, P.? posidoniaformis, P. squwamosa, P. 
sublevis, Avicula bullata, Pleurorhynchus pristis. 

1847. Hat, Paleontology of New York, vol. i. A large number of genera and species were described from 
the Silurian rocks of this State by Hau. 

1848. Puitups, JNo., Mem. Geol. Surv. Gt. Britain, vol. ii, pt. i. Paleontological Appendix by Jno. 
Puituirs and J. W. Saurzr. In the work the following species were named by each author :— 
Pleurorhynchus xquicostatus, Phillips ; Orthonota angulata, Hising., sp.; O. triangulata, Salter; O. 
extrasulcata, Salter; O. inornata, Phillips; Mytilus gradatus, Salter; M. perovalis, Salter; MM. 
quadratus, Salter; M. platyphyllus, Salter ; M. exasperatus, Phillips; M. ? mytilimeris, Conrad, sp. ; 
M. chemungensis, Courad, sp.; M.? ungiculatus, Salter; Actinodonta cuneata, Phillips; Arca? 
primitiva, Phillips; Nucula coarctata, Phillips; WN. de/toidea, Phillips; NV. lingualis, Phillips ; 
NV. rhomboidea, Phillips; Avicula ampliata, Phillips; A. triton, Salter; Pterinea? planulata, 
Conrad, 

1851. Murcuison, ‘Silurian Rocks of Scotland,” Q.J.G.S., vol. vii, with description of Plewrorhynchus 
dipterus, Salter, var. rhomboideus; but no reference is given to any previous publication, so 
probably the specific description is by Saurmr; but if so the necessity for a varietal name is not 
apparent. 7 

1853. Riseio and SHarpx, “On the Carboniferous and Silurian Formations of the Neighbourhood of . 
susaco in Portugal,” Q.J.G.8., vol. ix. p. 135. The following lamellibranchs are listed from 
Silurian localities :—Redonia Deshayesiana, Rouault ; R. Duvalina, Rouault ; Nucula costx, N. Cix, 3 
NV. rebiero, N. Ezquerre, N. Eschwegii, N. mestri, N. Beirensio, N. Bussacensis, Leda Hscosure, 
Dolabra Lusitanica, Cypricardia? Beirensis, Modiolopsis elegantulus. The descriptions are by ° 
Sharpe. 


1854. 


1855. 


1858. 
1860. 
1861. 
1861. 
1866. 


1873. 


1875. 


1876. 
1881. 


1886. 


1889. 


1890. 
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Murcuison, Stluria, 1st ed., on pp. 191, 225, and 226, woodcuts of lJamellibranchs from Lower 
Silurian and two from Upper Silurian beds are given, with names. In the 3rd ed., 1859, and 
4th ed., 1867, the numbers of the pages and woodcuts are altered, and a new cut is introduced at 
p- 50, and p. 48 of the 4th ed. of Fossils from the West Side of the Stiper Stones. All forms 
had been previously described and figured. At the end of the 3rd and 4th eds. are plates 
copied from those in the Szlurian System, but rearranged and reduced in size to suit the style 
of the book. 

M‘Coy, British Palxozoic Fossils, figured the following :—Pterinea plewroptera, Conrad, sp. ; 
P. subfaleata, Conrad, sp.; P. tenera, M‘Coy; P. asperula, M‘Coy; P. hians, M‘Coy; P. retro- 
flewa, Wahl, sp.; do. var. B. naviformis, Conrad; P. megaloba, M‘Coy; Avicula Danbyi, — 
M‘Coy ; Modiolopsis inflata, M‘Coy; M. modiolaris, Conrad, sp.; M. Nilsoni, Hisinger, sp. ; 
M. post-lineata, M‘Coy ; Orthonotus nasutus, Conrad ; Sanguinolites decipiens, M‘Coy ; 8. anguliferus, 
Moy ; Arca subxqualis, A. Edmonditformis, Nucula levata, Hall; Nuculites poststriatus, Emmons ; 
Clidophorus ovalis, M‘Coy ; C. planulatus, Courad; <Anodontopsis quadratus, M‘Coy; A. bulla, 
M‘Coy; A. angustifrons, M‘Coy ; Ambonychia acuticostata, M‘Coy ; Lyrodesma plana, Conrad ; 
Tellinomya lingulicomes, M‘Coy ; Leptodomus truncatus, M‘Coy; Grammysia rotundata, Sow., 
sp.; G. cingulata, var. triangulata, Salter; G. eaxtrasulcata, Salter; Dolabra obtusa, M‘Coy ; 
Tellinites affinis, M‘Coy ; Anodontopsis securiformis, Dolabra elliptica, Leptodomus globulosus. 

Biuuines, amongst others, proposed the genera Maltheria and Cyrtodunta for groups of Lower Silurian 
shells with a well-marked hinge plate (Canadian Naturalist and Geologist, vol. iii.). 

Eicawatp, Lethza Rossica, describes and figures a number of species; but as I am not able to state 
correctly which are Silurian species, I do not attempt to give a list. 

BarRAnDE, Acephales, vol. vi. This volume contains lists and enumerates many new genera erected 
for Silurian lamellibranchs, and has several plates of figures. 

Saurer (Mem. Geol. Surv. Scotland, No, 32, ‘‘The Geology of the Neighbourhood of Edinburgh ”) 
describes and figures Lunulacardium elegans, Orthonota amygdalina, var. gentilis, O. bulla, 
Anodontopsis ? lucina, Ctenodonta obesa, C. thracioides, from the Silurian rocks of the 
Pentland Hills. 

SALTER, Mem. Geol. Surv. Gt. Britain, “The Geology of North Wales,” in which are described 
Palzarca Billingsiana, P. obscura, P. modiolaris, P. (Maltheria) quadrata, P. bulla, P. socialis, 
P. amygdalus, Ctenodonta varicosa, Redonia anglica, Ribiera ? complanata, Modiolopsis pyrus. 

Hicks, Q.J.G.S., vol. xxix. p. 39, “‘On the Tremadoc Rocks in the Neighbourhood of St David’s, 
South Wales, and their Fossil Contents,” in which he figures twelve species belonging to five genera, 
of which Glyptarca and Davidia are new. 

Merk, Geological Survey of Ohio, vol. ii., pt. ii., ‘‘ Paleontology,” in which are described Vellinomya 
levata, T. pectunculoides, Lyrodesma cincinnatiensis, Pterinea demissa, Ambonychia radiata, 
Sedgwickia? divaricata, Orthodesma contractu, O. curvata, O. recta, Cuneamya mitamiensis, 
C. scapta, Grammysia neglecta, Modiolopsis truncata, M. cincinnaticensis, M. pholadiformis, 
M. modiolaris, M. concentrica, from Lower Silurian, and Cypricardites ferrugineum and 
Amphicelia costata from Upper Silurian rocks. 

Ramer, Ferv., Lethxa Palxozoica, in which figures of the following fossils are given from Lower 
Silurian rocks :—Ctenodonta nasuta, Salter ; Megalomus ? Deshayestanus, Murchison, de Vern., and 
Keys. ; Ambonychia radiata, Hall; A. incrassata, Hichwald, sp. ; Modiolopsis modiolaris, 

Barranneg, Systeme Silurien de la Boheme, vol. vi. This work contains a large number of new genera, 
which are described and figured. He recognises fifty-eight genera of lamellibranchs, of which 
twenty-nine are new. 

Watcort, Bull. U.S. Geol. Surv., No. 30, p. 123, describes Fordilla troyensis, from the Upper 
Taconic of North America. 

Mitter, North American Geology and Palzontology. This work gives a list of all North American 
genera and species of fossils, amongst which are a few new genera for Silurian lamellibranchs, and 
references to the earliest publication of each. 

Watcort, 10th Ann. Rept. U.S. Geol. Surv., “The Fauna of the Cambrian or Olenellus Zone.” Two 
new genera, Yordilla and Moxcdtoloides, are described. 
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1893. Unrica, Geological Survey of Ohio, vol. vii. In the volume the following new genera are described, with 
many species :—Byssonychia, Anomalodonta, Miller ; Hridonychia, Allonychia, Opisthoptera, Meek ; 
Psilonychia, Anoptera, Clionychia, Modiolodon, Actinomya, Colpomya, Cymatonota, Psiloconcha, 
Ortonella, Ischyrodonta, Whitella, Pyrenomeus, Hall; Technophorus, Miller ; Cycloconcha, Miller ; 
Rhytimya, Physetomya. 

The dates of those genera must be carefully examined, for the volume quoted above often refers 
to the Final Report, vol. iii., Geological and Natural History Survey of Minnesota, which is 
referred to as 1893; but the completed volume itself only bears the date 1897. In the Ohio 
volume Uxricu speaks of the Minnesota paper as being in the press. 

1897. To the volume on Minnesota just mentioned Utricu contributed “The Lower Silurian Lamelli- 
branchiata of Minnesota.” The generic description of Modiolodon and Byssonychia and others, for 
example, referred to in vol. vii. of the Ohio report, dated 1893, only appears in the Minnesota 
volume dated 1897, but on the title-page the date 1892-96 is printed. The following generic 
descriptions also occur in the latter volume :—Clionychia, Hurymya, Actinomya, Aristerella, Endo- 
desma, Plethocardia, Saffordia. 

1900. Handbook on the Natural History of Glasgow and the West of Scotland, Brit. Assoc. A description 
of the Silurian rocks in the South of Scotland is given by Messrs Peacu, Horng, and Macconocur, 
with a description and table of strata, and a list of fossils. 

1902. Cowrrr Regn, Geol. Mag., dec. 4, vol. ix., describes and figures Saurer’s undescribed species, among 
which are the following lamellibranchs :—Pterinea exasperata, P. condor, Goniophora grandis, 
Modiolopsis minus, Orthonota Huyhesi. 

1905. Cowper Rugp, Geol. Mag., dec. 5, vol. ii. p. 492, gives a list of seventeen species of lamellibranchs 
from the Redhill and Slade beds of Haverford West, nine of which are new. 


Protopecten, genus nov. 


Generic Characters.—Shell erect, ovate, moderately convex. Antero-superior and 
postero-superior angles compressed and slightly subalate. Hinge plate straight, 
flattened, edentulous. Umbones subcentral, small, very slightly elevated. Pallial line 
entire. Surface ornamented with retiform or crenulate markings. 

Observations.—There are two shells in the Gray Collection which seem to me to 
show a tendency to a Pecten-like form, especially in the ornament; one, Protopecten 
vimineus, has a very delicate basket-like appearance; the other, P. crenulatus, shows 
distinct crenulate lines of growth in its older stages. The ear-like condition of the 
anterior and posterior superior angles and the generic shape and ornament suggest an 
approach to the Pectinide, a family very poorly represented in the older rocks. 
Unfortunately, the material on which I have: erected this genus is small and the 
specimens not quite complete, but I know of no other genus in which to place them. 


Protopecten vimineus, sp. noy. (Pl. L, figs. 2, 3.) 


Specific Characters.—Shell small, almost equilateral, erect, narrow transversally, 
ovate, regularly moderately gibbose. The margin is formed by a continuous curve, 
which is broad in front and behind and more acute below. The hinge line is straight, 
nearly equal to the transversal diameter of the valve. The umbo is small, tumid, very 
slightly elevated, central. 
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The antero- and postero-superior angles are compressed and flattened, well defined 
from the umbonal gibbosity. 

Interior.—The hinge plate is flattened and edentulous. No trace of anterior 
adductor muscles. Pallial line entire. 

Exterior.—The surface is ornamented by a fine, delicate retiform marking, the 
meshes being diamond-shaped and transverse, and arranged concentrically. In the 
centre of the valve are one or two very obscure but broad radiating ribs. The retiform 
marking is continued to the angles of the valve. 

Dimensions.—Fig. 2, Pl. I., measures: antero-posteriorly, 11 mm. ; dorso-ventrally, 
18 mm. ; elevation of valve, 3 mm. 

Locality.—Lower Llandovery of Mulloch Hill. 

Observations.—The ornament of this shell is so striking that it is not likely to be 
confounded with any other species. The specimen consists of a cast of the exterior and 
a mould of the interior. Unfortunately, the former is incomplete at one angle and near 
the umbo, and I am not able to say which valve it is. It is to be hoped that more 
specimens of this interesting shell may be found. 


Protopecten crenulatus, sp. nov. (Pl. L., fig. 1.) 


Specific Characters.—Shell of moderate size, equilateral, subcircular, moderately 
gibbose. The margin forms a single curve of varying intensity, and was probably 
erenate in the adult. The antero- and postero-superior angles well marked, compressed, 
and subalate. The hinge line of moderate length, straight. The umbones subcentral, 
small, pointed, slightly elevated. 

Interior.—Not exposed. 

Exterior.—The surface is ornamented with concentric lines of growth, somewhat 
rugose and irregular, and towards the margin markedly crenate, fine and close. 

Dimensions.—Fig. 1, Pl. I., measures: antero-posteriorly, 25 mm.; dorso-ventrally, 
28 mm. ; 

Locality.—Upper Llandovery of Penkhill. 

Observations.—The specimen on which I have erected this species is somewhat 
obscure and incomplete. ‘The crenulate markings of the anterior and lower margins, 
and the approach of the two upper angles to ears, have induced me to regard the shell 
as related to the Pectinide. 


Genus Byssonychia, Ulrich, 1894. 


Byssonychia, Ulrich, 1894, Pal. Minnesota, Fin. Rep., vol. 111. p. 498. 
” 5, 1893, Rep. Geol. Surv, Ohio, vol. vii. p. 629. 


Generic Characters.—Shell oblique, subovate and quadrate, very inequilateral, 
gibbose, subalate, and compressed posteriorly. Umbones anterior, terminal, twisted 
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forwards, acute. Anterior surface depressed and hollowed, pierced below the beaks by 
a circular aperture for the byssus. Hinge line straight, of moderate length. 

Interior.—Three short, diverging lateral teeth at the posterior end of the hinge 
plate. Anterior adductor scar small, just within the umbones. Posterior adductor 
scar large and shallow, placed low down and remote from the margin. 

Eaterior.—The surface is ornamented with radiating ribs which increase in size and 
strength as they pass across the valve. They are crossed occasionally by deep con- 
centric lines of growth. 

Observations.—The presence of a large byssal aperture below the umbones separates 
this genus from Ambonychia, with which it has, however, very close affinities. ULRICH 
has described several species from the Trenton and Cincinnati groups of Minnesota and 
Ohio. He states that he has found that, ‘‘ within reasonable limits, the number of the 
radiating costze is constant for each species, and the same in specimens of all ages.” 
On this point I am able to say nothing, as my material, though consisting of numerous 
examples, is very imperfect. <A large number of specimens show the byssal aperture, 
and one the posterior part of the hinge plate. 

Byssopteria, Hall (Pal. N. York, vol. v., pt. 1, p. 252), is probably either 
identical or closely allied to Byssonychia, but as the anterior part of the shell was not 
described it is impossible to make any definite statement at present. 

It is questionable whether the genus Byssonychia is really necessary. Hatu 
describes his genus Ambonychia as sinuate on the anterior side for the passage of the 


byssus. 
Byssonychia sublevis. (Pl. L, figs. 25, 25a.) 


Specific Characters.—Shell small, triangular, oblique, moderately convex. The 
anterior end obsolete, adpressed to form an anterior surface above with an acute border 
below. ‘The inferior border is narrow, rounded. ‘The posterior border elongate, trun- 
cate, gently curved. The hinge line short, straight. ‘The umbones small, pointed, 
incurved, terminal. 

Intervor.—Unobserved. 

Exterior.—The surface is ornamented with numerous simple, radiating, fine striz 
obsolete in the region of the umbones. 

Dimensions. — Fig. 25, Pl. IL, measures: dorso-ventrally, 18 mm.; antero- 
posteriorly, 10 mm. 

Localities.—Mulloch Hall, Lower Llandovery; Woodland Point, Middle Llan- 
dovery. 

Observations.—Two examples of this species are in the collection. One is a cast 
of the interior, which unfortunately does not give any trustworthy details; the other 
shows the external ornament. Both specimens are crushed. The species is very much 
smaller, and the radiating linear ornament much less pronounced than the strong ribs 
which characterise B. radiata, for which it could not be mistaken. 
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Byssonychia radiata, Hall, 1847. (Pl. L, figs. 19-22.) 
Ambonychia radiata, Hall, 1847, Pal. N. York, pt. i. p. 292, pl. Ixxx. figs. 4a—0. 


Specific Characters.—Shell obliquely abovate, obliquely gibbose, anterior end 
obsolete. The anterior surface is adpressed and much hollowed near the anterior 
border, which is rounded. The anterior border appears to be straight and almost 
vertical. Inferior border broadly rounded. Posterior margin truncate, oblique, making 
an obtuse angle with the hinge line, which is straight. Umbones raised, produced 
forwards, incurved, prosogyrous, contiguous. Dorsal slope compressed, flattened, 
subalate. 

Interior.—Normal ; between the byssal orifice and the umbonal cavity is a thick 
boss of shell, indicated in casts by a deep hollow. 

Exterior.—The surface is ornamented by many close, rounded, radiating ribs, 
finer and closer on the dorsal slope. These radiating ribs are crossed by from 
3 to 4 distant deep concentric sulci, giving rise to a crenulation on each rib as it crosses 
them, more frequent near the lower margin. 

Dimensions.—Fig. 22, Pl. I., a bivalve example, measures: antero-posteriorly, 
28 mm. ; dorso-ventrally, 38 mm. ; from side to side, 19 mm. 

Locality.—Scotland : Upper Bala, Star-fish bed ; Drummuck. 

Observations.—This species is represented in the Gray Collection by several 
examples. Hat separated his species from the Pterinea carinata of GoLpFusSs 
on account of the much larger number of radiating ribs. He says that for shells of 
equal size GotpFuss’ specimen has 24, while his has 35 to 40. Only one of Hati’s 
figured specimens shows concentric interruptions to the ribs. 

Many of the specimens show the large circular byssal opening below the umbones. 


Byssonychia angusta, sp. nov. (Pl. L., figs. 28, 24.) 


Specific Characters.—Shell acutely triangular, narrow, transversely oblique, 
moderately convex. The anterior edge acute, compressed, its border depressed 
beneath the overhanging umbones, and pierced by semicircular foramina in each valve, 
for the byssus. The inferior border bluntly rounded. The posterior rounded below, 
obliquely truncate, and almost straight above, where it joins the short, straight hinge 
line at an obtuse angle. The umbones are produced, compressed, pointed, twisted 
forwards and terminal. 

Interior.—An oblique cardinal tooth immediately below the umbo, with flattened 
hinge plate, narrow, elongate ; posterior end not seen. 

Exterior.—Surface ornamented with numerous radiating thick ribs, separated by 
grooves of equal size. Rarely concentric lines of growth towards the lower border. 

Dimensions.—Fig. 24, Pl. I., a right valve, measures: antero-posteriorly, 20 mm. ; 
dorso-ventrally, 36 mm. 
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Localities. —Middle Bala, Shalloch Mill ; Upper Bala, Star-fish bed. 

Observations.—A much narrower, less transverse variety, with a more elongate 
narrow umbo, than B. radiata, and the radiating ribs are fewer and larger. Unfor- 
tunately, the material is not in a good state of preservation, and the specimen is 


anything but perfect. A single example of what I take to be the same species occurs 
in the Star-fish bed. 


Genus Ambonychia, Hall, 1847. 


Ambonychia, Hall, 1847, Geol. Survey New York, Pal., vol. i. p. 163. 
% Miller, 1889, North American Geology and Palzontology, p. 460. 


Generic Characters.—Shell equivalve, inequilateral, compressed and subalate 
posteriorly. Anterior side inflated and adpressed. Umbones raised, incurved, projecting 
forwards. Cardinal line straight. Sinuate anteriorly for the byssus. 

Interior.—The hinge has a cardinal tooth below the umbo, and posteriorly two 
or three narrow, elongate, slightly diverging teeth. 

Exterior.—The surface is almost smooth, or with concentric lines. 

Observations.—I| have followed ULricu in placing the well-known form A. radiata 
of authors in his new genus Byssonychia. He states that an examination of the 
type Ambonychia bellistriata shows that it has no byssal opening or lateral teeth. 
MittER, however, figured a specimen of this shell in his North American Geology 
and Paleontology, p. 460, with lateral teeth, and so at present the question 
must remain over as to whether Uuricu’s statement is correct. I find no large 
byssal opening in the shells which I refer now to Ambonychia, and unfortunately 
I can say little or nothing about the hinge teeth of most of them. A. triton 
probably should be placed in a different genus when more is known about its 
internal characters. Its broad subquadrate character resembles Gosslettia to some 
extent. 

Mytilarca of Haut cannot be very far removed from Ambonychia, as is evidenced 
by general shape and the posterior hinge teeth. Both genera, though mytiliform in 
shape, have a relationship with the arciform Grammatodon and Palzxarca in the 
character of the posterior hinge teeth. 

The genus Ambonychia appears to be confined to Silurian rocks. 


Ambonychia triton, Salter, sp., 1848. (Pl. L., figs. 26, 27.) 


Avicula triton, Salter, 1848, Mem. Geol. Surv. Gt. Brit., vol. ii., pt. 1, p. 367, pl. xxiii. fig. 5. 
Avicula (Ambonychia), Murchison, 1859, Siluria, 3rd ed., p. 213, fig. 8. 


Specific Characters.—Shell sub-rectangular, obliquely gibbose. The anterior end 
obsolete, compressed, and subalate posteriorly. The anterior margin descends some- 


what obliquely backwards ; lower margin short, slightly rounded, passing with a broadly 
rounded curve into the posterior border, which is oblique and truncate, and makes 
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a slightly obtuse angle with the hinge line. The latter long and straight. Umbones 
pointed terminal and excavated internally. The anterior part of the valve is adpressed 
and folded inwards, and presents a broad anterior surface. 

Interior.—The posterior part of the hinge plate has a fine elongate lateral 
tooth. 

Exterior.—The surface is ornamented with fine concentric lines of growth, crossed 
by almost obsolete radiating ribs, best marked in front. 

Dimensions.—Fig. 27, Pl. 1, a right valve, measures: antero-posteriorly, 27 mm. ; 
dorso-ventrally, 23 mm.; gibbosity of valve, 7 mm. 

Locality.—Scotland : Llandeilo beds, Craighead ; Lower Llandovery, Mulloch Hill ; 
Middle Llandovery, Woodland Point. 

Observations.—This is an easily recognised form which reaches a size about three 
times as large as the figured specimen. The species was originally described by SaLtER 
from Bird’s Hill. If the shell is described with the hinge line horizontal, it is seen that 
SatTEr’s remarks that the “beak of the present species falls considerably within the 
anterior margin, and “the great gibbosity, too, is beneath the beak, not in a diagonal 
line from this to the siphonal end,” are not correct, but depend entirely upon the 
orientation of the specimen. Nearly all the shells that | have diagnosed as belonging 
to this species show more or less clearly defined radial ribbing, even in the young. 
The Llandeilo specimens are very large, Lower Llandovery small, and Middle 
Llandovery nearly equal to the largest specimen. P. triton is much flatter than 
P. quadratus. 


Ambonychia amygdalina, Hall, 1847. (PI. L., figs. 28, 29.) 
Ambonychia amygdalina, Hall, 1847, Pal. New York, vol. i. p. 165, pl. xxxvi. fig. 6a, 0, c. 


Specific Characters.—Shell narrow, obliquely ovate, and gibbose. Anterior end 
obsolete, the margin adpressed to form a broad surface. The inferior margin elliptical, 
the posterior elongate, oblique, nearly straight. The hinge line short, straight, making 
an obtuse angle with the posterior border. Umbones acute, pointed, curved forwards, 
contiguous, terminal. Near the upper angle the umbonal gibbosity is almost angular 
on the anterior slope. Dorsal slope rapidly compressed. 

Interior.—No details have been obtained. 

Exterior.—Apparently covered by fine concentric lines of growth. 

Dimensions.—Fig. 24, Pl. I., a right valve, measures: antero-posteriorly, 41 mm. ; 
dorso-ventrally, 23 mm. . 

Locality.—Scotland : Llandeilo beds, Balclatchie, Craighead, Ardmillan, Dowhill, 
Minuntion 

Observations.—This species is evidently not uncommon, but the specimens are very 
poor, in the form of casts, which unfortunately give no details of the hinge plate or 
muscle scars. 
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Ambonychia undata, Emmons, sp., 1842. (PI. L, fig. 30.) 
Pterinea undata, Emmons, 1842, Geol. Rept. New York, p. 395, fig. 1. 
Inoceramus vetustus, Sow., var. priscus, Portlock, 1848, Rept. Geol. Londonderry, p. 423, pl. xxxiil. 
figs. 1, 2, 3. 
Aen undata, Hall, 1847, Pal. New York, vol. i. p. 165, pl. xxxvi. figs. 7a, 0. 

Specific Characters.—Shell oblique, triangularly ovate, obliquely gibbose in front, 
compressed, and subalate posteriorly. Anterior end obsolete, adpressed to form a 
broad anterior surface. The anterior margin slopes downwards and backwards; the 
inferior margin rounded, posterior truncate, straight, oblique, making an obtuse angle 
with the hinge line, which is straight and as long as the transverse diameter of the shell. 
The umbones are terminal, bluntly pointed, very little elevated above the hinge line. 

Interior.—Unknown. 

Exterior.—The surface has an ornament of several broad concentric bands, 
separated by shallow sulci of about the same breadth as the bands. 

Dimensions.—Fig. 30, Pl. L, a left valve, measures: antero-posteriorly, 10 mm. ; 
dorso-ventrally, 9 mm. 

Locality.—Scotland : Llandeilo beds, Ardmillan. 

Observations.—PortLocK, though he referred his species to the Carboniferous shell 
described by Sowerby as /noceramus vetustus, recognised that his species did not agree 
exactly with that shell, and gave it the varietal name of priscus. It is interesting 
to note the homomorphy of the Llandeilo A. undata, the Carboniferous Posidonella 
vetusta, and Cretaceous Inocerami. All these genera, absolutely distinct in their 
hinge characters, have a similar external ornament. A. wndata is rare in the Gray 
Collection, and the specimen is much smaller than that figured by Porriock or Hatt. 


Ambonychia quadratus, sp. nov. (Pl. IL. figs. 1-3.) 
Specific Characters.—Shell subquadrate, gibbose, oblique. The anterior end 


obsolete ; the border, raised, thickened, rounded and incurved, descends with a gentle 
convexity and gradually becomes flattened to join the broadly convex lower margin, The 
posterior border is somewhat truncate, rounded below where it joins the inferior margin, 
and making a well-marked, somewhat obtuse angle with the hinge line above. The-latter 
is straight and produced. The umbones are large, incurved, and somewhat prosogyrous, 
not contiguous, anterior. The dorsal slope is much compressed, the posterior superior 
angle subalate. The greatest convexity of the valve is anterior and subumbonal. 

Anterwor.—The hinge plate seems to be plain except at the posterior end, where 
there are three small oblique lateral teeth separated by fine grooves. 

Kxterior.—The surface is ornamented with fine concentric strize and lines of growth. 

Dimensions. — Fig. 2, Pl. U., measures: antero-posteriorly, 55 mm.; dorso- 
ventrally, 46 mm. ; elevation of valve, 10 mm. | 
Penkhill, Upper Llandovery ; Woodland Point, Middle Llandovery ; 
Mulloch Hill, Lower Llandovery ; Balclatchie, Ardmillan, Llandeilo series. 


Localities. 
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Observations.—This species is represented in the collection by numerous examples 
from Penkhill and Mulloch Hill, but only two specimens were found at Woodland 
Point. Although there are two casts of the interior, I have not been able to make out 
the muscle scars, and only a part of the hinge plate is exposed. 

Several specimens show the radiating lines on the anterior part of the shell. 

The largest specimen found measures 47 mm. antero-posteriorly ; in full-grown 
shells the radiating ornament is much better marked than in those belonging to 
immature examples. 


Ambonychia cuneata, sp. nov. (Pl. II., figs. 4-6, 6a, 60.) 


Specific Characters. —Shell of moderate size, obliquely subquadrate, gibbose 
anteriorly, compressed posteriorly, very inequilateral. The anterior end is adpressed, 
with a broad anterior surface, hollowed above on each side of the narrow projecting 
border. ‘The inferior border is blunt and slightly convex ; the posterior oblique, almost 
straight. The hinge line is short and straight. The umbones are gibbose, pointed, 
twisted forwards and raised. The dorsal slope is much compressed and hollowed. 

Interior.—Not seen. 

Exterior.—Vhe surface appears to have been almost smooth, with obscure con- 
centric strize of growth. 

Dimensions. — Fig. 5, Pl. II., measures: antero- posteriorly, 18 mm.; dorso- 
ventrally, 17 mm. ; from side to side, 12 mm. 

Localities. —? Star-fish bed, Upper Bala ; Mulloch Hill, Lower Llandovery; Woodland 
Point, Middle Llandovery ; Penkhill, Upper Llandovery. 

Observations. — Ambonychia acutirostris, Hall, from the Niagara beds of North 
America, has a certain resemblance to this species, but it is too oblique, and its dorso- 
ventral measurements are comparatively much longer. I have not been able to see 
any trace of the striated hinge plate of Ambonychia, and have referred the shell to 
that genus provisionally. 


Ambonychia simplex, sp. nov. (Pl. IL, figs. 7, 7a-c, 8, 9.) 


Specific Characters.—Shell small, narrow oblique, ovate acute, moderately gibbose 
in front, compressed posteriorly, very inequilateral. The anterior end adpressed so 
that the line of junction of the valves is posterior to the anterior border, which 
descends obliquely downwards and backwards, and is slightly sinuate. Inferior border 
bluntly rounded ; posterior border obliquely truncate, gently convex. Hinge line short 
and straight; postero-superior angle well marked, slightly obtuse. The umbones are 
large, prominent, pointed, prosogyrous, and terminal. 

Interior.—Normal. | 

ixterior.—The surface seems to have been smooth. 

Dimensions.—Fig. 7, Pl. UJ., a right valve, measures: antero-posteriorly, 13 mm. ; 
dorso-ventrally, 17 mm. 
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Localities. —Mulloch Hill, Lower Llandovery ; Woodland Point, Middle Llandovery ; 
and Penkhill, Upper Llandovery. 

Observations.—This species is much smaller and less gibbose than A. amygdalina, 
from which it is probably descended. A single specimen only occurs in the Lower 
and Middle Llandovery, but many examples were obtained from Penkhill. Fortunately, 
one of these, fig. 6, Pl. II., shows the posterior part of the hinge plate, and its generic 
afinity is therefore certain. 


Genus Posidonomya, Bronn, 1837. 
For synonymy, see Posidonomya, Hind, 1901, Brit. Carb. Lameil. (Pal. Soc.), pt. ii. p. 26. 


Generic Characters.—Shell of moderate size, ovate, oblique, compressed, with an 
anterior rounded ear and a compressed-expanded posterior ear. Hinge line straight ; 
umbones small, pointed, placed anterior to the centre of the hinge line. Shell 
obliquely but very moderately convex. 

Surface ornamented with numerous concentric grooves and ridges, occasionally 
decussated by radiating lines. Periostracum well developed. 

Observations.—This genus is represented by five species in Carboniferous times, 
and I have now referred to it a well-marked shell from the Middle Bala series. It 


may be that, when details of the hinge plate turn up, a reconsideration of its — 


generic position may be necessary. 


, 
Posidonomya antiqua, sp. nov. (Pl. L, fig. 127) 


Specific Characters.—Shell of medium size, moderately compressed, obliquely 
U-shaped, inequilateral. The anterior border prolonged, very slightly convex. The 
inferior margin strongly convex. The posterior border nearly straight and long. The 
hinge line straight, making a well-marked, slightly obtuse angle with the posterior 
border. The umbones are small, slightly raised, and placed far forwards. The valves 
are obliquely gibbose, the postero-superior angle much compressed. 

Interior.— Unknown. 

Exterior.—The surface is ornamented by regular, raised, angular concentric ridges, 
close in front, but becoming widely separated as they pass over the body of the valve. 
The coneave sulci which separate the ridges are finely striate concentrically. 

Dimensions.—Difficult to estimate, on account of the imperfect state of the 
specimen on which the species is founded, but the antero-posterior diameter was 
probably 25-30 mm. The dorso-ventral diameter is at least 40 mm. 

Locality.—Middle Bala beds of Shalloch Mill. 

Observations.—M ‘Coy has described a somewhat similar shell from Ferriter’s Cove, 
Dingle, Co. Kerry (Silurian Fossils of Ireland, p. 22, pl. ii. fig. 10), as Pterinea (?) 
posidoniaformis, but this species is figured as having its umbones subcentral, and 
the anterior end is dissimilar to the species under description. ‘The present specimen 
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is very incomplete, much of the posterior side having been broken off, but the contour 
of the valve can be recognised in the younger portion of the valve. The shell is a 
striking one, its ornament so well marked that even fragments could be easily dis- 
tinguished. I have referred the species to Posidonomya on external characters only. 


Pterinea, Goldfuss, 1836-40. 
Pterinea, Goldfuss, 1836-40, Petrefact. German., p. 134. 
aS M‘Coy, 1855, Brit. Pal. Foss., p. 258. 
¥ Hall, 1884, Geol. Survey New York, Pal., vol. v. pt. i1., Lamell., 1. p. xii. 

Generic Characters.—Shell unequivalve, inequilateral, posterior side alate, anterior 
end nasute or auriculate. Ligament internal. Ligamental area longitudinally striated. 
Cardinal teeth two or more. Lateral teeth linear, oblique. Posterior muscular 
impression large, situated on the post-umbonal slope. Anterior muscular impression 
small, situated within the rostral cavity. Test ornamented with rays. 

 Observations.—I have adopted Hatr’s definition of the genus. M‘Coy has 
described several species from Silurian and Ordovician rocks (op. supra cit.). The 
genus is represented in the Devonian rocks of North America by numerous examples, 
but does not seem to have survived into Carboniferous time. All the Carboniferous 
forms referred to the genus should be more correctly placed in Lewopteria and 
LInmatulina. 
Pterinea subfalcata, Conrad, sp., 1842. (Pl. I, figs. 4, 5.) 

Avicula subfalcata, Conrad, 1842, Journ. Acad. Philadelphia, vol. viii., pl. xiii. fig. 4. 

Pterinea subfalcata, M‘Coy, 1855, Brit. Pal. Foss., p. 263, pl. i. fig. 3. 

Specific Characters.—Shell small, oblique, subquadrate. The body of the shell is 
swollen and ovate. ‘he anterior border is sinuous, the inferior broadly convex, the 
posterior convex below, subfalcate above. The hinge line is straight, the longest diameter 
of the valve. ‘he umbo is small but tumid, subcentral. The anterior superior angle 
compressed into a small lobe ; the posterior superior angle compressed and subalate. 

The interior appears to be normal. 

Exterior.—The surface is ornamented with fine thread-like radiating lines crossed 
by close concentric ridges. 

Dimensions.—Fig. 1, Pl. I., measures : antero-posteriorly, 12 mm. ; dorso-ventrally, 
11 mm. 

Locality.—Craigens Quarry, Lower Llandovery; Camregan Wood, Upper 
Llandovery. 

Observations.—There are six examples of this little shell which I refer to 
P. subfalcata, Conrad, on account of its oblique character and the short posterior ear. 

M‘Coy figures a specimen from the schists of Howgill Fells, and states that the 
Species occurs at Benson Knot, Kendal, and near Pont-ar-y-llechan, Llandeilo. The 
ornament is well seen on two specimens. I have only seen the left valve, the smooth 
or right valve not occurring in the collection. 
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Pterinea elegans, sp. nov. (Pl. I. fig. 6.) 
Specific Characters.—Shell subquadrate, U-shaped, moderately gibbose. The 


anterior end is compressed and short, its border sinuous, the inferior border expanded 
and bluntly rounded, the posterior almost straight, only very slightly concave above. 
The hinge line is straight, slightly produced, making a small acute angle with the 
posterior border. ‘The umbo is small, placed in front of the middle joint of the hinge 
line, slightly elevated and incurved. The anterior lobe is small, the posterior superior 
angle compressed and subalate. 

Interior.—Not seen. 

Exterior.—The surface is very beautifully marked with regular, well-marked and 
sharp concentric lines, which follow the contour of the valve. Towards the lower 
and posterior part a few broad, very shallow radiating flexuous ribs are to be seen. 

Dimensions.—Fig. 6, Pl. L, measures: antero-posteriorly, 15 mm. ; dorso-ventrally, 
20 mm.; elevation of valve, 3 mm. 

Locality.—Craigens Quarry, Lower Llandovery. 

Observations.—I have erected this species on a single specimen, consisting of two 
portions, the cast and its mould. The beautiful external ornament is preserved in the 
latter, and can be studied by moulds of modelling wax. ‘The specimen is a left valve. 
It is more quadrate and has a shorter hinge line, and the posterior border is not so 
falcate as in the other Silurian species, none of which possess the characteristic ornament 


which I have described. 


Pterinea reticulata, sp. nov. (Pl. I. figs. 7, 8.) 


Specific Characters.—Shell small. Body of the valve ovate acute, swollen; 
anterior end comparatively large, auriculate, rolled. The posterior subalate, com- 
pressed. The anterior margin sinuous, the inferior rounded, the posterior rounded 
below, falcate above. The hinge line straight, produced. The umbone small, pointed, 
incurved, subcentral. The convex body of the valve is marked off from the anterior 
- end by an oblique shallow sinus. 

Intervor.—Hinge plate and muscle scars normal. 

Hxterior.—The body of the valve is ornamented by radiating ribs somewhat sharp 
and flexuous, crossed by fine raised concentric lines, so that the surface is markedly 
reticulate. ‘The anterior radiating ribs are absent, and the lines of growth are so 
strong as to be subimbricate. Apparently the radiating ribs are also obsolete on the 
posterior wing. 

Measurements.—Vig. 1, Pl. I, a left valve, incomplete posteriorly, measures : 
antero-posteriorly, 15 mm. (cire.); dorso-ventrally, 12 mm. 

Locality.—The Star-fish bed, Upper Bala. 


Observations.—Vhis shell has well-marked characters and can be easily recognised. 
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The absence of radial ribs on the large posterior end will separate it at once from 
P. asperula, M‘Coy. The latter shell has a fine reticulate ornament. 

The specimen on which [ have erected this species consists of a cast of the interior 
showing the characteristic hinge plate of Péterinea, and a mould of the exterior from 
which the surface ornament can be studied by a wax impression. Unfortunately the 
posterior end is absent. 


Genus Opisthoptera, Meek, 1872. 


Opisthoptera, Meek, 1872, Proc. Acad. Nat. Sct. Phil., p. 319. 
- Meek, 1873, Ohio Pal., vol. i. p. 131, note. 
eo Ulrich, 1893, Rep. Geol. Surv. Ohio, vol. vii., Pal., p. 642. 


Generic Characters.—‘“ Shell equivalve, usually triangular in outline, with the 
beaks of moderate size, incurved and terminal, and the hinge line straight and very 
long, in most cases forming a great posterior wing, length greater than the height. 
Anterior side more or less abrupt. In the typical section, the greatest height is in 
the anterior half, and the surface marked with numerous and frequently bifurcating 
costz. In another group of species, provisionally regarded as congeneric, the 
posterior part of the shell is the highest, and the radiating coste few and mostly 
simple. Byssal opening, muscle scars, and pallial line as in Anomolodonta and 
Byssonychia. Hinge with two small cardinal teeth in each valve, but so far as 
is known, no posterior lateral tooth. External ligamental area usually narrow; no 
internal ligament.” 

Observations.—The above is ULrRicu’s description of the genus (op. supra cit.). It 
is to the second group of species that I consider the Scotch specimen belongs which I 
refer to the genus. The greatest dorso-ventral diameter is posterior ; the radiating ribs 
are single and almost obsolete. The byssal orifice is much too small for Byssonychia, 
and the shell is too transverse. 


Opisthoptera transversa, sp. nov. (Pl. III, fig. 4.) 


Specific Characters.—Shell of medium size, very inequilateral. Anterior side 
obsolete, moderately swollen, transversely subquadrate. The anterior margin abrupt, 
adpressed, and excavated below the level of the edge of the umbonal fold. The inferior 
margin prolonged, gently convex ; the posterior obliquely truncate and straight above, 
rounded below. The hinge line straight, of moderate length, meeting the posterior 
border at an obtuse angle. The umbones are compressed anteriorly, pointed, and 
twisted forwards, raised and terminal. ‘The dorsal slope is compressed and becomes 
concave as it approaches the posterior margin. 

Interior.—Not exposed. 

Exterior.—The surface is covered with numerous subobsolete simple radiating 
raised lines, more apparent towards the lower margin, and crossed here and there by 


more or less well-marked concentric lines of growth. 
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Dimensions.—Fig. 4, Pl. IIL., a left valve, measures: antero-posteriorly, 25 mm. ; 
dorso-ventrally, 18 mm. 

Locality.—Lower Llandovery of Mulloch Hill. 

Observations.—Only one specimen of this shell is in the collection ; but it is a well- 
marked form, and unlike any described species to which I have had access. A reference 
to O. notabilis from the Middle Cincinnati group, Ohio (ULRIcH, op. supra cit., pl. xlix. 
fig. 16), will show that the Scotch shell has similar generic characters. 


Genus Pteronites, M‘Coy, pars, 1884. 


Pteronites, pars, M‘Coy, 1844, Synopsis Carb. Foss. Ireland, p. 81. 
ss Hind, 1901, Mono. Brit. Carb. Lamell., vol. 11. p. 5. 
Generic Characters.—‘ Shell compressed, oblique, subtriangularly transverse, very _ 
inequilateral; anterior end small, sharp, and pointed. Inferior border convex and ~ 
posterior border sinuous. Hinge line forms the most transverse diameter of the valve ; 
umbones small, placed anteriorly, not terminal. Valves obliquely swollen from the 
umbo towards the postero-inferior angle. Posterior slope compressed, expanded, and 
subalate. External surface ornamented with concentric lines and folds, more apparent 
posteriorly and over the swollen part of the valve.” 
Remarks.—I consider that the Pterinea retroflexa, Dalm., figured in the Sil. — 
Syst., pl. v. fig. 9, should be referred more correctly to Pteronites. Another species is 
represented in the Middle Llandovery of Woodland Point which I consider to be new. 


Pteromtes ellipticus, sp. nov. (PL OL atios 295) 


Specific Characters —Shell below medium size, almost elliptical, generally com- 
pressed, with a hollow dorsal slope. The anterior end well developed, narrow; the 
antero-superior angle acute. The anterior margin descends rapidly and is gently 
convex. Lower margin strongly convex; the posterior somewhat narrowed, truncate, : 
almost straight. 


a 


The umbones are small, compressed, and elongate, placed about quarter of the 
length of the hinge line from the anterior end. Proceeding from the umbo towards 
the posterior border is a small oblique ridge which separates the compressed dorsal 
slope from the rest of the valve. ‘The narrow anterior end is also separated from 
the convex portion of the valve by a broad shallow sinus. 

Interior.—The hinge plate is linear posteriorly. 

Ezxterior.—The surface is almost smooth. The strive of growth are somewhat 
irregular at the anterior end. 

Dimensions.—¥ig. 9, Pl. I., measures: antero-posteriorly, 23 mm. ; dorso-ventrally, 
13 mm. 


Locality.—Middle Llandovery of Woodland Point. 
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Observations.—This shell has the umbones much less anterior than P. retrofleaa, 
and the anterior end is much less sinuous. Only one specimen, a right valve, is in the 
Gray Collection. 


Genus Leptodesma, Hall, 1883. 
Leptodesma, Hall, 1883, Pal. New York, vol. v., pt. i., Lamell., i. p. 13. 


Generic Characters.—Shell aviculoid, oblique transverse, very inequilateral, 
Anterior end nasute and acute, posterior expanded and compressed, alate, upper border 
often produced into a linear spine. Hinge line with a slender lateral tooth, posterior 
to the beak and parallel to the hinge line. Surface with concentric lines of growth and 
smooth, 

Observations.—Levopterra and Leptodesma are very closely related. Indeed, | 
question the need for both genera. I have referred these species of Ordovician shells 
to the genus, but the Carboniferous forms I placed in Leopteria on account of the 
shape of the anterior extremity. The genus is represented by a very large number of 
species in North American Devonian rocks. 


Leptodesma ardmillanensis, sp. nov. (Pl. L, fig. 16.) 


Specific Characters.—Shell below medium size, somewhat rhomboidal, obliquely 
gibbose, subalate. The anterior margin long, slightly sinuous; inferior margin is 
bluntly rounded, the posterior truncate, almost straight. The postero-superior angle a 
rounded right angle. The hinge line straight, the longest antero-posterior diameter of 
the shell. The umbo is gibbose, obliquely pointed, and placed about the junction of the 
anterior and middle thirds of the hinge line. The greatest gibbosity of the valve is 
subumbonal, the convexity gradually becoming less as the border of the shell is 
approached. ‘The postero-inferior angle is much compressed and slightly expanded, but 
not produced. 

Interior.—There appears to be a single linear oblique tooth below the posterior part 
of the hinge line. 

Exterior.—The surface is ornamented by few distant, linear, but well-impressed 
concentric grooves. 

; Dimensions.—Fig. 16, Pl. I., measures: antero-posteriorly, 18 mm.; dorso- 
ventrally, 17 mm. ; elevation of valve, 5 mm. 

Locality.—The Llandeilo series, Ardmillan. 

Observations.—The specimen on which this species is founded consists of two 
portions, the shell and its impression. It agrees with a subsection of the genus 
found in Devonian rocks of New York State, which have no posterior wing and no 
projecting rostrum. ZL. wmbonatum, Hall (Pal. N. York, Lamell., i. p. 198, pl. xe. 
fig. 9), from the Chemung group, has a strong resemblance to the Scotch shell, but the 
hinge line is comparatively longer. 
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? Leptodesma modiolaris, sp. nov. (PI. I, figs. 18-15, 15a.) 


Specific Characters.—Shell of medium size, roughly trigonal, modioliform. Anterior — 
end nasute, small, separated from the rest of the valve by a deep, broad byssal sinus, 
which notches deeply the anterior part of the lower border ; posteriorly the lower border 
is broadly convex. Posterior border truncate, almost straight. Hinge line long, straight. 
Postero-superior angle almost a right angle. Umbones small, directed forwards, but 
not terminal. Posterior to the byssal sinus, the valve is obliquely swollen, the 
swelling becoming broader and flatter as it approaches the margin. Postero-superior 
angle compressed. 

Interior.—Unknown. 

Exterior.—The surface is almost smooth, but here and there concentric wrinkles and 
lines of growth are seen. These are much more pronounced in the neighbourhood of — 
the byssal sinus. | 

Dimensions.—Fig. 18, Pl. I., measures : antero-posteriorly, 22 mm.; dorso-ventrally, — 
15 mm.; gibbosity of valve, 3 mm. 

Locality.—Scotland : the Star-fish bed, Upper Bala. 

Observations. —This species is founded on the cast of a right valve, from which | 
have taken a wax impression. It is a well-marked form, but whether [ am right in — 
referring it to Leptodesma rather than to Levopterra | cannot say without further — 
material which would enable me to ascertain the character of the hinge plate. 


Leptodesma transversa, sp. nov. (Pl. L, figs. 17, 18.) - 


Specific Characters.—Shell below medium size, transversely ovate. Anterior end 
narrow and short, its margin rounded, the posterior expanded and subalate, obliquely 
gibbose. The anterior margin elliptical, the inferior gently convex, the posterior 
rounded below, falcate above. The hinge line straight, produced posteriorly in a long | 
thin process. 

The umbones are small, swollen, scarcely raised above the hinge line, placed far 
forwards. 

Interior.—Not exposed. 

Exterior.—The surface is almost smooth, but the microscope reveals fine concentric 
lines of growth. 

Dimensions.—Fig. 18, Pl. I., measures : antero-posteriorly, 12 mm. ; dorso-ventrally, 
8 mm. 4g 

Locality.—Lower Llandovery of Mulloch Hill. ] 

Observations.—Only a single example, a right valve, has been obtained. It is more _ 
transverse and less triangular than L. modiolaris, and has a very elongate process at the 
posterior end of the hinge line of which the latter has no trace. 
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Genus Myalina, de Koninck, 1842. 


Myalina, de Koninck, 1842, Animaua Foss. Carb. Belye, p. 25. 
Psilonychia, Ulrich, 1893, Rep. Geol. Surv. Ohio, vol. vii. p. 648. 
Myalina, Hind, 1897, Mono. Brit. Carb. Lamell. (Pal. Soc.), p. 103. 

Generic Characters.—Shell triangular, oblique, mytiliform, expanded at the anterior 
border, compressed and subalate posteriorly. Umbones terminal. Hinge plate thickened, 
longitudinally striate. 

Exterior.—Concentric lines of growth well marked, often subimbricate or 
lamellar. 

Observations.—For a fuller synonymy and description I would refer to my mono- 
eraph (op. supra cit.). [cannot but think that Pslonychia of Ulrich is unnecessary, 
as, according to his definition, there is not one single character mentioned which does 
not obtain in Myalina. He describes a single species, P. perangulata, which differs 
in shape from JM. prisca, but the figures fully demonstrate the characteristic 
structure of Myalina. 

A single specimen, which I now refer to M. prisca, is in the Gray Collection. 


Myalina prisca, sp. nov. (Pl. IL, fig. 10.) 


Specific Characters.—Shell of moderate size, compressed, very inequilateral, 
triangular ; the anterior end is adpressed and hollowed, and the thickest part of the valve 
is at the anterior border, but the anterior junction of the valves is so depressed that it 
lies some way posterior to the border. The anterior border is straight and sloping 
downwards and backwards, the inferior margin curved; the posterior obliquely trun- 
eate, straight above, but rounded below. The hinge line straight, and the longest 
transverse diameter of the valve. The postero-superior angle well marked and obtuse. 
The umbones are pointed and prosogyrous, terminal. 

Interwr.—The hinge plate is elongate, broad at the umbonal end, and 
becoming gradually narrower as it passes backwards, hollowed and finely striate 
longitudinally. 

Exterior.—The surface is ornamented with concentric, somewhat irregular strize and 
rugee of growth, at times almost subimbricate. 

Dimensions.—F¥ig. 10, Pl. I., measures: antero-posteriorly, 25 mm. ; dorso-ventrally, 
about 25 mm. 

Locality.—Middle Bala of Shalloch Mill. 

Observations.—A very typical Myalina, with a strong resemblance to M. redesdal- 
ensis, Hind, a Carboniferous species, but the latter is much more massive and robust. 
Fortunately, the specimen, a right valve, shows the hinge plate very well. The longi- 
tudinal strize on the hinge plate are not so strongly marked as in Carboniferous species 


of the genus. More transverse and with a longer hinge plate than M. perangulata, 
Ulrich, sp. 
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Genus Gosseletia, Barrois, 1881. 


Gosseletia, Barrois, 1881, Ann. Soc. Géol. du Nord, vol. viii. p. 176. 
5 Hall, 1884, Geol. Surv. N. York, Pal., vol. v. pt. i., Lamellibr., p. xiv. 
55 Miller, 1889, WV. Amer. Geol. and Pal., p. 482. 


Generic Characters.—Shell subtriangular, truncate on anterior side, subalate 
posteriorly. Ligamental area wide, longitudinally striate; cardinal teeth below the 
beak strong; lateral teeth elongate ; surface with concentric striz. 

Observations.—This genus was erected for a modioliform shell with cardinal and 
lateral teeth and a striate ligament, from the Devonian of Spain. Hau referred two 
specimens to the genus from the Hamilton group of New York, a member of the 
Devonian series of that State. The shells that I now refer to the genus are from the 
Upper Bala and Llandovery beds of Scotland, in which I consider it is represented by 
two species. Unfortunately, specimens are not numerous. 


Gosseletia ponderosa, sp. nov. (Pl. III., figs. 1, la, 10.) 


Specific Characters.—Shell of medium size, obliquely subquadrate; extremely — 
gibbose in front, subalate posteriorly. The anterior end obsolete. ‘The anterior 
margins adpressed to form an oblique broad anterior surface, so impressed below the 
beaks as to be concave. The inferior margin is rounded; the posterior obliquely 
truncate, almost straight. The postero-superior angle well marked, obtuse. The hinge 
line of only moderate length, straight. The umbones are swollen, pointed, elevated, — 
directed forwards terminally, widely separated by a broad striate ligamental area. 

Interior.—No details exposed. 

EKxterior.—The surface is ornamented with fine concentric lines of growth, with an 
occasional deep, narrow, concentric sulcus. 

Dimensions.—Fig. 1, Pl. IIL, measures : antero-posteriorly, 34 mm. ; dorso-ventrally, 
51 mm.; from side to side, 88 mm. 

Locality.—The Star-fish bed, Upper Bala. 

Observations.—-A single fairly perfect specimen, on which I have founded the — 
species, occurs in the Star-fish bed. The specimen consists of a complete cast of the ; 
interior and a mould of the external surface. The hinge plate is not well enough pre- 
served to show any of the hinge teeth. It could hardly be mistaken for the species — 
which is found higher up in the Llandovery beds, the latter being much more com-— 
pressed, with a totally different anterior end. 


Gosseletia antiqua, sp. nov. (PI. IIL, figs. 2, 3.) 


Specific Characters.—Shell of medium size, obliquely ovate, triangular and gibbose. 
The anterior end almost obsolete, narrow, its margin rounded. The inferior border — 
almost straight, descends downwards and backwards. Postero-inferior angle bluntly 
rounded. The posterior border is elongate, gently convex. Hinge line straight. 
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Postero-superior angle obtuse. The umbones are not well marked off from the valve, 
blunt, and all but terminal. Passing from the umbo to the lower margin is a blunt, 
subangular oblique ridge separating the narrow compressed triangular anterior from 
the more gradually compressed and expanded subalate posterior end. 

Interior.—Hinge not exposed. Anterior adductor muscle scar small, subumbonal, 
and immediately within the anterior end. 

Exterior.—Surface almost smooth; but under the microscope fine concentric lines 
of growth are to be seen, with here and there one more strongly impressed. 

Dimensions.—Fig. 3, Pl. IIL, a bivalve example, measures: antero-posteriorly, 
33 mm. ; dorso-ventrally, 24 mm. ; from side to side, 16 mm. 

Localities. —Mulloch Hill, Lower Llandovery ; Woodland Point, Middle Llandovery. 

Observations.—Three specimens in the collection I refer to Gosseletia on account of 
the general shape ; but I have not been able to see the hinge plate. rosseletia antiqua 
is much more transverse and oblique than G. triquetra of the Hamilton group of New 
York, and the anterior end is not so adpressed. 


Euthydesma, Hall, 1885. 


Euthydesma, Hall, 1885, Pal. New York, vol. v. p. 32. 
3 Miller, 1889, North American Greol. and Pal., p. 480. 
7 Beushausen, 1895, Abh. Konigl. Geol., p. 316. 

Specific Characters.—Shell inequilateral, equivalve, broadly subovate, with a sub- 
alate cardinal expansion. Cardinal line straight, anterior end short, surface concen- 
trically lined; hinge line marked by a continuous ligamental groove. 

Observations.—I have adopted MiLuER’s description of the genus (op. cit.). One 
species only, it appears, has been described from North America. BrusHavuseEn has also 
described one species from the Upper Devonian of Oberscheld and Martenberge, near 
Adorf. I have referred these specimens in the Gray Collection to this genus under the 
following name :— 


Euthydesma alata, sp. nov. (PI. L, figs. 11, 12.) 


Specific Characters.—Shell below medium size, broadly ovate, moderately com- 
pressed, the posterior superior angle flattened and expanded. The anterior margin 
starts close to the umbo, descending for a short distance; it then curves suddenly out- 
wards, and then becomes strongly convex and passes with a regular, almost semi- 
circular curve into the broad, convex lower margin. The posterior border is almost 
straight and erect. The hinge line very short in front of the umbo, straight and of 
moderate length posteriorly. The umbones are raised, pointed and gibbose, twisted 
forwards. 

Interior.— Unknown. 

Exterior is almost smooth, but here and there moderately strong concentric lines 
denoting interruptions of growth are to be seen. 
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Dimensions.—Fig. 12, Pl. I., measures : antero-posteriorly, 26 mm.; dorso-ventrally, 
20 mm. 

Locality.—Middle Llandovery of Woodland Point. 

Observations.—There are three fairly well preserved specimens which I refer to 
this species. They seem to me to indicate an approach to a Pecten-like form, more 
especially to the genus Streblopteria; but the Pecten-like anterior ear, present in the 
latter shell, is absent. 

BEUSHAUSEN (op. supra cit.) suggests that the genus is allied to Cardiola, but I do 
not see the grounds for this view. All the specimens in the Gray Collection are left 


valves. 
Genus Sphenolium, Miller, 1889. 
Sphenolium, Miller, 1889, N. Amer. Geol. and Pal., p. 513. 
Generic Characters.—“ Shell large, equivalve, inequilateral, elongate, cuneiform, 


ventricose. Umbones prominent, beaks incurved at the anterior end. Cardinal line at 
an angle of 50° or 60° from the basal line, and appearing wing-like towards the 
posterior end. Lunule present; no escutcheon; ligament external; muscular scars 
and hinge-line unknown.” 

Observations.—MILLER erected this genus for three species of shells from the 
Hudson River group of North America which had a very ventricose cuneiform shape. 
Little or nothing is known of the real a tinity of the genus, as no details of the interior 
have been observed. I have quoted the diagnosis of the genus as given by Mriier, and 
I regret that the Scotch examples afford no fresh details. 


Sphenolium richmondense, Miller, 1889. (Pl. IV., figs. 30, 31, 31a.) 
Sphenolium richmondense, Miller, 1889, N. Amer. Geol. and Pal., p. 513, figs. 925, 926. 


Specific Characters.—Shell of moderate size, truncate, cuneiform, ventricose, oblique. 
The anterior end almost obsolete and depressed. The inferior margin bluntly convex; 
the posterior rounded below, nearly straight above, oblique, making an obtuse angle 
with the hinge line, which is arched in front and straight behind. The shell has a very 
broad oblique gibbosity with a compressed lower and dorsal slope. The umbones are 
high, incurved, and directed forwards, not contiguous, placed very far forwards. 

Interior.—Unknown. 

Hatervor.—Almost smooth, but there appears to have been a thick and wrinkled 
periostracum. 

Dimensions.—Fig. 30, Pl. IV., measures: antero-posteriorly, 31 mm.; dorso- 
ventrally, 19 mm. ; gibbosity of valve, 7 mm. 

Craighead, Lower Llandeilo; Woodland Point, Middle Llandovery. 

Observations.—This is a shell that could not easily be mistaken, except perhaps for 
a Gasteropod with an aftinity to Capulus. Modiola radiata of the Carboniferous lime- 
stone has something of the same habit and may belong to the same genus. 


Localities. 
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The Craighead specimen consists of the left valve, probably an internal cast. It is 
imperfect at the anterior end. The Woodland fossil specimen is crushed, but both 
valves are present. The periostracum is preserved. 

I see no reason for separating the two specimens, nor do | see sufficient reason 
to erect a new species, and therefore have referred both examples to MILLER’s 
S. richmondense. 


Genus Modiolopsis, Hall, 1847. 


Modiolopsis, Hall, 1847, Pal. New York, vol. i. p. 157. 
7 Miller, 1889, WV. Amer. Geol. and Pal., p. 489. 


Generic Characters.—Modioliform, inequivalve, inequilateral, transverse, with an 
expanded and compressed posterior end. Umbones small, anterior. Cardinal teeth 
short, oblique (MitiER). Anterior adductor muscle scar deep circular, almost 
marginal. Ligament external. No escutcheon or lunule. Surface with concentric 
lines. 

Observations.— There are a number of closely related families of modioliform shells 
in Ordovician rocks, Modiolopsis, Modiolodon, Modiomorpha, which differ from each 
other in small details of hinge structure. It is ditticult, in the absence of any details of 
the hinge plate, to assign any species accurately to its genus. American specimens seem 
to have been much better preserved than those found in Great Britain, and to have had 
the essential details of structure better exposed. 


Modiolopsis expansa, Portlock, sp., 1843. (PI. IL, fig. 21.) 
Modiola expansa, Portlock, 1843, Geol. Rep. Londonderry, p. 425, pl. xxxiii. fig. 6. 


Specific Characters.—Shell transverse, narrowed in front, expanded and compressed 
posteriorly, carinate. The anterior end is narrow and produced, its border elliptical. 
The inferior border curved, the posterior inferior angle bluntly rounded. The posterior 
border straight and oblique, the postero-superior angle obtuse. The hinge line straight, 
shorter than the inferior border. The umbones are carinate, small, incurved, placed 
about the junction of the anterior and middle thirds of the valve. Passing down 
obliquely from the umbo to the posterior inferior angle is a well-marked subangular 
keel, dividing the shell into two triangles, both of which are flattened and compressed, 
the posterior more rapidly than the anterior. No lunule or escutcheon. 

Interior.—Unknown. 

Exterior.—Surface covered with concentric lines and striz of growth. 

Dimensions. — Fig. 21, Pl. IL, a right valve, measures: antero-posteriorly, 
44 mm. ; dorso-ventrally, 26 mm. 

Locality.—Scotland : Llandeilo, Craighead. Ireland: Desertcreat, Co. Tyrone. 


Observations.—PortLock states that he found two varieties of this species, one 
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being less transverse than the other. He figured the more transverse form. The 
specimen fig. 21, Pl. II, in the Gray Collection is, I take it, an example of the less 
transverse form. 

Modiolopsis exasperatus, Phillips, sp., 1848. (Pl. IL, figs. 13-15.) 

Mytilus exasperatus, Phillips, 1848, Mem. Geol. Surv. Gt. Brit., vol. ii., pt. i., p. 364, pl. xx. fig. 12. 

Specific Characters.-—Shell triangularly ovate oblique. The anterior end small, 
compressed, its margin elliptical. The inferior margin sinuous in front, broadly rounded 
posteriorly. Posterior margin arched and extended, making an obtuse angle with the 
hinge line. The latter straight, short. Umbones prominent, incurved and twisted 
forwards, slightly raised, placed in the anterior third of the hinge line. The valve is 
obliquely swollen from the umbo downwards and backwards, the gibbosity becoming 
broader and more rounded as it approaches the postero-inferior angle. In front of the 
oblique ridge the anterior slope is rapid, and marked by the byssal smus. The posterior 
slope is more gradually compressed. 

Intervor.— Unknown. 

Exterior.—The surface is ornamented with numerous distinct, sharp, concentric, 
raised, narrow ridges, separated by narrow sulci. These ridges are finer and crowded 
on the anterior portion of the valve. 

Dimensions.—Fig. 15, Pl. IL, a left valve, measures: antero - posteriorly, 
52 mm. ; dorso-ventrally, 23 mm. ; gibbosity of valves, 15 mm. 

Locality.—Scotland: Llandeilo beds, Balelatchie, Star-fish bed of Upper Bala. 
Wales: Myddleton series, Llandeilo. 

Observations.—A. single specimen occurs in the Gray Collection from the Llandeilo 
series. I cannot accept the reference of this species to Mytilus, on account of the marked 
anterior extremity and non-terminal umbones. It has a typical modioliform shape. 
The concentric ornament easily distinguishes the species from all others of the genus of 


Ordovician age. 
Modiolopsis subquadratus, sp. nov. (Pl. II., figs. 16, 17.) 


Specific Characters.—Shell small, oblique, subquadrate, valve gently convex. The 
anterior border oblique, almost straight. The inferior almost semicircular, the posterior 
more gently convex. The hinge line straight. The umbones are small, tumid, incurved, 
subcentral. The shell is obliquely swollen from the umbo towards the postero-inferior 
angle, the dorsal slope much compressed. The anterior end compressed. 

Interior.—Not exposed. 

Exterior. — The surface is ornamented with microscopically fine regular lines of 
growth, the whole surface having somewhat irregular rugz and sulci of growth. 

Dimensions.—Fig. 16, Pl. Il., a right valve, measures: antero-posteriorly, 14 mm. ; 
dorso-ventrally, 12 mm. 

Locality.—Upper Llandovery of Penkhill and Bargany Pond Burn. 

Observations.—The figure of a shell named Modiolopsis expansa, Portl., is given on 


THE LAMELLIBRANCHS OF THE SILURIAN ROCKS OF GIRVAN. 505 


p. 2138 of the 3rd edition of the Silurian System: Fossils, Table 36, fig. 2, which from 
its shape, | should suggest, agrees much more closely with the species under description 
than Porriock’s shell. The latter is transverse, and not nearly so deep in the dorso- 
ventral mieasurements. 

The species does not appear to be common, and all the specimens in the collection are 
about the same size. 


Modiolopsis scotica, sp. nov. (PI. II., fig. 18.) 


Specific Characters.—Shell of medium size, oblique, triangularly ovate, moderately 
oblique. Anterior end small, narrow, but distinct, subacute. The anterior margin 
descends downwards and backwards sinuously. ‘The inferior margin is broadly rounded ; 
the posterior obliquely truncate, almost straight, making a well-marked obtuse angle 
with the hinge line, which is straight and of moderate length. The umbones are narrow, 
slightly raised, and small, placed far forwards, but not terminal. 

Proceeding obliquely downwards and backwards towards the middle of the inferior 
border, but soon becoming obsolete, is a subangular ridge, in front of which the shell is 
much compressed by a well-marked byssal groove. ‘I'he valves are compressed into 
the postero-superior angle. 

Interior.—The anterior adductor muscle scar is comparatively large and deep, and 
rounded ; between it and the umbonal hollow are two small accessory pedal scars. 
Posterior adductor scar shallow and oval, normal in position. 

Hxterior.—The surface is ornamented with few distinct concentric deep lines of 
erowth, more numerous and closer together near the lower margin. LHlsewhere the 
surface is nearly smooth. ; 

Dimensions.—Fig. 18, P]. II., measures: obliquely, from anterior surface to postero- 
inferior angle, 50 mm.; transversely, 19 mm. 

Locality.—The Star-fish bed, Upper Bala. 

Observations.—A shell with the external appearance of Modzola, but having the 
muscle system of Modolopsis, I have referred it to the latter genus. It differs from 
M. pyrus, Salter, in being more oblique and apparently not so gibbose, or regularly 
rotund. Several specimens occur in the Star-fish bed, but many of them are crushed flat. 
The two uncrushed examples are right valves, but these are imperfect posteriorly. 

This species is accompanied by a peculiar variety which is much less triangular and 
has a short hinge plate, just as in the genus Navadvtes a triangular form, N. modiolaris, 
is accompanied by a NV. quadratus, which is less oblique and has a shorter hinge. | 
propose to call the variety as follows :— 


Modivlopsis scotica, var. brevis. (Pl. IL, figs. 19, 20.) 


Varietal Characters.—Shell subquadrate, U-shaped, very slightly oblique ; hinge- 
line equals the average transverse diameter of the shell. 
External Characters.—As in M, scotica. 
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Modiolopsis minor, sp. nov. (PI. IIL., figs. 22, 23.) 


Specific Characters. —Shell small, oblique, triangularly ovate, moderately and 
obliquely gibbose. ‘The anterior end is narrow and short, its border almost ‘elliptical. 
The inferior margin descends downwards and backwards and is almost straight. The 
posterior border is almost straight, obliquely truncate. The hinge line is straight, of 
moderate length, making a well-marked obtuse angle with the posterior border. The 
umbones are small, elongate, and twisted forwards, placed far forwards. 

Interior.— Apparently normal. 

Exterior.—The surface is ornamented with regular, close, fine concentric lines. 

Dimensions.—Fig. 28, Pl. IL., a left valve, measures: antero-posteriorly, 13 mm. ; 
dorso-ventrally, 7 mm. 

Locality.—Penkhill, Upper Llandovery. 

Observations.—A small species typical of the genus and possessing the characteristic 
ornament. 


Genus Mytilops, Hall, 1884. 


Mytilops, Hall, 1884, Geol. Surv. New York, Pal., vol. v., pt. i., Lamell., i., p. xiv. 
Miller, 1889, NV. Amer. Geol. and Pal., p. 494. 


” 


Generic Characters.—Modioliform. Hinge line straight, umbones blunt, terminal. | 

Observations.—Hall established this genus for certain shells as a sub-genus of 
Modiola. Little or nothing was known of the interior, for in neither of the two species, 
to include which the genus was erected, were any details of the hinge plate observed. 
In one of the shells which I now refer to this genus, the posterior part of the hinge — 
plate shows short, narrow, sub-parallel teeth, which occur in Grammatodon, Mytilarca, 
Plethomytilus, and other palsozoic genera. This character is enough to separate the 
shells from Modiola. 


Mytilops subovalis, sp. nov. (Pl. IL, figs. 24, 25.) 


Specific Characters.—Shell below medium size, triangularly ovate, oblique, 
moderately swollen, modioliform, compressed at the postero-superior angle and subalate. — 
The anterior end is obsolete. The anterior border, oblique and almost straight. The 
inferior border well rounded; the posterior oblique and straight, almost parallel with 
the anterior. Hinge line straight, postero-superior angle obtuse. The umbones are 
inconspicuous, merged in the obtusely pointed anterior end. 

Intervor.—The hinge line has short lateral teeth posteriorly. 

Exterior.—The surface is ornamented with fine concentric lines of growth, with 
here and there deeper concentric lines of grooves. : 

Dimensions. —Fig. 24, Pl. Il., measures : antero-posteriorly, 25 mm. ; dorso- venta 
15 mm. 


Locality.—Middle Llandovery of Woodland Point. 
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Observations.—Two specimens moderately well preserved are found in the 
collection. One seems to show two small posterior lateral teeth ; the other, which is a 
east of the interior, is not so definite on this point. The blunt anterior and the 
obsolete umbones are well marked. The ornament is markedly modioliform in 
character. 


Genus Modhiolodon, Ulrich, 1893. 


Modiolopsis, 1890, Amer. Geol., vol. v. p. 276. 
Modiolodon, Ulrich, 1897, Fin. Rep. Geol. and Nat. Hist. Surv. Minnesota, vol. iii. p. 521. 
+ Ulrich, 1893, Rep. Geol. Surv. Ohio, vol. vil. p. 652. 

Generic Characters.—Ovate shells of the same general type as Modzolopsis 
and Modiomorpha, but having from one to three oblique cardinal teeth in each 
valve. 

Observations.—The genus was established by Utricu, who gave the brief generic 
description noted above (op. supra cit.). I have referred several species to the genus on 
external characters only, for in no case have I been fortunate enough to examine the 
hinge. ULricH points out that the hinge of Modzolodon is much like his other genus 
Ischyrodonta, but he thinks the latter approaches the hingeless Modzolopsis in general 
characters. 


Modiolodon subovalis, Ulrich, 1893. (Pl. IL. figs. 30, 31.) 
Modiolodon subovalis, Ulrich, 1893, Rep. Geol. Surv. Ohio, vol. vii. p. 635, pl. li. figs. 11, 13. 


Specific Characters.—Shell of moderate size, compressed, inequilateral, expanded 
posteriorly, subovate, slightly oblique. The anterior end is short, the narrowest part 
of the valve, its margin rounded. ‘he inferior border gently convex. ‘The posterior 
obliquely subtruncate. The hinge line arcuate. The umbones are small, compressed, 
and placed far forwards but not terminal. ‘There is a tendency to angulation along a 
line from the umbone to the postero-inferior angle, posterior to which the dorsal slope 
is rapidly compressed. 

Interior.—The hinge has not been observed in the Scotch examples. The anterior 
adductor scar is well marked and is deep, circular, and close to the antero-superior 
angle; the posterior, large and conspicuous, is seen in the hollow of the dorsal slope 
not far from the postero-superior angle. Pallial line entire. 

Exterior.—The surface is adorned with close, fine concentric lines of growth, 
separated into groups by distant linear grooves. 

Dimensions.—Fig. 30, Pl. IL, a medium-size example, measures: antero- 
posteriorly, 30 mm.; dorso-ventrally, 20 mm. 

Localities —Middle Llandovery of Woodland Point and Newlands. 

Observations.—I have referred five specimens to this species rather than to Mytilus 
gradatus, Salter, which should, I think, more correctly be referred to Modvolodon. 
Uxricu describes several species which are closely related, but differ in contour and 
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conditions of growth. The peculiar external character is well marked in fig. 30, Pl. IL, 
and one example, fig. 31, Pl. Il., gives all the details of the interior except the 


hinge plate. 
Modiolodon quadratus, sp. nov. (Pl. Il., figs. 28, 29.) 


Specific Characters.—Shell below medium size, transversely quadrate, compressed, 
anterior end almost obsolete, depressed. The inferior border is almost straight, parallel 
with the upper border. The posterior border very bluntly rounded. The hinge line 
depressed anteriorly, straight posteriorly. The umbones are anterior and immediately 
above the anterior end, so that they point directly forwards and are apparently placed 
half-way up the anterior margin, but which really is the junction of the small anterior 
end and the depressed anterior part of the hinge plate. 

Interior.—The anterior adductor scar is large and is placed low down at the antero- 
inferior angle just within the margin. Hinge plate not seen. 

Exterror.—The surface is almost smooth but concentric, fairly regular, but distant 
plicze are seen towards the lower margin and over the posterior part of the valve. 

Dimensions.—Fig. 28, Pl. IL, a left valve, measures: antero-posteriorly, 10 mm. ; 
dorso-ventrally, 15 mm. 

Locality.— Woodland Point, Middle Llandovery. 

Observations. —A very quaintly shaped shell which should not be mistaken. It is 
allied to the M. obtusus, Ulrich, but the latter is much more transverse and not so 
broad in front. The Megalomus, Cypricardites Deshayesiana of de Verneuil, is much 
too gibbose and has a well-marked umbonal ridge. Three specimens are in the collec- 
tion, one of which, a left valve, shows the anterior adductor muscle scar. 


Modiolodon subcircularis, sp. nov. (Pl. IL, figs. 26, 27.) 


Specific Characters.—Shell below medium size, subcircular, slightly oblique, com- 
pressed, inequilateral. The anterior end has its margin rounded and continued in an 
interrupted subcircular sweep to the postero-superior angle. Hinge line arcuate. 
Umbone small, compressed, pointed, placed a little in front of the centre of the valve, 
raised. The valve is moderately convex, with a gently compressed dorsal slope. 

Interior.—The adductor muscle scars are large, deep, and normal in position. 
Pallial lines entire. Hinge plate has no lateral teeth. Cardinal teeth not exposed. 

Exterior.—The surface is covered with very fine concentric lines of growth, which, 
towards the lower margin, become strengthened into concentric ridges and grooves. 

Dimensions.—Fig. 27, Pl. IL, a left valve, measures: antero-posteriorly, 21 mm. ; 
dorso-ventrally, 20 mm. 

Localities.—Middle Llandovery of Woodland Point and Newlands. 

Observations.—This species, which shows strongly marked generic affinities with 
M. subovalis, with which species it also occurs, differs so markedly in general contour and 
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in surface ornament that I have no hesitation in erecting it into a new species. None 
of the many species of the genera which ULRicn has described from the Lower Silurian 
rocks of Ohio have the subcircular shape of the species under description. Fortunately, 
a specimen from Newlands is in the form of an internal cast, which shows all details of 
the interior except the cardinal region of the hinge plate. 


Genus Paracyclas, Hall, 1843. 


Paracyclas, Hall, 1843, Geol. Surv. N. York Rep., 4th Dist., p. 171. 
Lucina, Portlock, 1843, Rep. Geol. Londonderry, p. 571. 
»  M‘Coy, 1844, Synops. Carb. Foss. Ireland, p. 53. 
Paracyclas, Hall, 1885, Geol. Surv. N. York, Pal., vol. v., pt. i., Lamell., ii., p. xxxviii. 
‘ Beushausen, 1895, Die Lamell. rheinisch. Devon., p. 165; Abh. konigl. preuss.’ Geol. 
Landes,, n.f., pt. xvii. 

Generic Characters.—Shell equivalve, subequilateral, suborbicular or broadly sub- 
elliptical. Anterior end regularly rounded, posterior end rounded or subtruncate, some- 
what more produced below than the anterior. Beaks small and low, generally rising 
little above the hinge line. Hinge line short. Post-cardinal slope more or less defined 
by an oblique furrow or depression, which sometimes leaves the extremity subalate. 
Surface concentrically striate, sometimes with strong concentric ridges marking the 
exterior. Structure of hinge not fully observed. Ligament supported on each side 
internally by a narrow plate, and leaving in the cast two narrow grooves directed 
forward from the beak. Muscular impression in the post-umbonal slope.  Pallial line 
parallel with, and a little within, the margin of the shell. 

Observations.—The above is Haut’s full diagnosis in 1885 (op. supra cit.). The 
shells that I now refer to the genus are smaller than those species which are known in 
the Devonian or Carboniferous rocks. Unfortunately, | have gained no definite know- 
ledge of the hinge plate in the older species. 


Paracyclas minor, sp. nov. (Pl. IV., figs. 32-35.) 


Specific Characters.—Shell small, suborbicular, very moderately gibbose. Anterior 
end rounded. Inferior border almost semicircular. The posterior subtruncate. The 
hinge line arched. The umbones small, subcentral, slightly raised, obtuse. The dorsal 
slope is compressed. 

Interior.—Not exposed. 

Ezxterior.—-The shell is ornamented with regular, fine, close, concentric lines, often 
Separated into groups by deeper concentric linear grooves, especially near the lower 
margin. 

Dimensions.—Fig. 32, Pl. III., measures: antero-posteriorly, 10 mm.; dorso- 
ventrally, 10 mm. ; elevation of valve, 8 mm. 

Localities.—Shalloch Mill, Middle Bala; Thraive and the Star-fish bed, Upper Bala ; 
Woodland Point, Middle Llandovery. 
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Observations.—There are several specimens of the shell in the collection labelled 
Woodland Point, one only from each of the other localities. That from the Star-fish 
bed is crushed, and it is possible that I may be wrong in referring it to the same 
species. The Thraive specimen seems to agree in all details with those from Woodland 
Point. The ornament and general contour agree typically with Hatt’s diagnosis of the 
genus, and I have no hesitation in referring them for the present to Paracyclas, until 
further details of the interior are available for study. 


Cyrtodonta, Billings, 1858. 


Cyrtodonta, Billings, 1858, Canad. Nat. and Geol., vol. 11. p. 431. 
Palexarca, Hall, 1859, Pal. N.Y., vol. iii. p. 270. 
me ~ », 12th Rep. Regents New York Mus, Nat. Hist., p. 10. 
Rs Salter, 1866, Mem. Geol. Survey Gt, Brit., vol. iii. p. 341. 
Angellum, Miller, 1878, Jour. Cincinnati Soc. Nat. Hist., vol. i. p. 105. 
Cyrtodonta, Ulrich, 1897, Geol. Minnesota, Fin. Rep., vol. iii., pt. ii., p. 534. 
Generic Characters.—Shell transversely ovate or subcireular, gibbose, umbones 
swollen, placed at the anterior third of the hinge line. Dorsal slope compressed. 
Interior.—Hinge plate of 3-5 oblique teeth in front, becoming smaller as they pass 
backwards, and sloping forwards; elongate, slightly diverging teeth behind, thin in 
front, but becoming thicker as they pass backwards. Anterior adductor scar shallow, 
triangular, placed beneath the hinge teeth, remote from the margin. Posterior 
adductor scar shallow and large, placed below the posterior hinge teeth, with hollow of 
the dorsal slope. Pallial line simple. 
Ezxterior.—The surface is ornamented with concentric lines and rugee of growth. 
Observations.—There has been a good deal of obscurity as to the synonomy of this 
genus, the whole history of which is given by ULrRic#H in the final report of the geology 
of Minnesota (op. supra cit.). I agree with him that Brutines’ name should stand. 
Hatt evidently agreed that his Palzarca must fall, but thought that Cypricardites, 
Conrad, should take its place. This genus, according to ULricu, was insufficiently 
described, and the hinge described as characteristic of Cypricardites does not correspond 
to that of Cyrtodonta. ULricu goes on to say, p. 536 (op. supra cit.) : “ He (Conrap) 
represents the cardinal teeth as diverging from the beak, much as in a Lyrodesma, and 
says that the anterior one is the ‘largest and most prominent.’ Neither of these 
conditions is ever present in Cyrtodonta. On the contrary, the teeth are subparallel, 
and to be called horizontal rather than radial, while the anterior one, if any can be so 
called, is the smaller.” This criticism only adds to the dithculty, and makes it question- 
able whether Utricu is dealing with shells of the character of BrLL1nes’ species, the more 
so when on p. 533 he, in discussing the relation of Cyrtodonta to the Arcidz, and with 
Macrodon in particular, says: “I should hold that Macrodon was not a member of 
Arcidx, since that genus most certainly did not arise in Ctenodonta.” The last 
sentence expresses a fact which no one will dispute, but there is no connection at all 
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between Ctenodonta, a nuculiform shell, and Macrodon, a typical arciform genus. 
Hence one cannot but arrive at the conelusion that Unricn had not been fortunate 
enough to see the whole of the hinge of Cyrtodonta. 

SALTER (op. supra cit.) helped to confuse the synonymy also, giving a hypothetical 
date to Palzarca, 1857, saying: ‘‘ Palxarca appears to have been in some way in print 
in 1847. Itis unfortunate that it escaped the notice of Mr BILiines, as it seems to have 
done that of all others.” This date must also be misprinted, as is the date SaLTER 
gives to Cyrtodonta, Billings, 1848 for 1858 (p. 341). It is a pity that SaLrer did not 
give the exact reference to the first publication of Palzarca, because Haut discarded it 
in favour of Cypricardites, Conrad, 1841, and it never seems to have been adopted by 
subsequent American authors. 

Observations.—Mr Sater gave at length his reasons for retaining Palearca, Hall, 
in preference to Cypricardites, 1841, Conrad. Muitier (N. American Geol. and Pal., 
p. 476) says: “If the genus can stand, it must be based on this type (C. curtus) (all 
other specimens are referred to other genera), because this species alone has a hinge- 
line like the one Conrap made.” Palzxarca seems to have been dropped in America. 
Miter places it as a synonym of Cypricardites. I am of opinion that SaLrer’s 
Palzarca bulla, P. obscura, and P. socialis cannot in any sense be considered to 
belong to the same genus as P. Billingsiana. 

Palzarca is closely allied to Grammatodon, under which name Carboniferous and 
Mesozoic arciform shells should now be placed. The hinge plate is very similar in 
both genera, but the teeth in front of the umbo slope forwards and not backwards, 
The Ordovician shells are not so carinate as the Mesozoic species, but several Carboni- 
ferous examples, e¢.g., G. (Parallelodon) squamifer, G. fallax, and G. Fravpontn, are 
not carinate. For the present, therefore, the obliquity of the anterior hinge teeth 
alone distinguishes the genus Cyrtodonta from Grammatodon, and I see no reason 
whatever to hesitate in placing both genera in the Arcide. 


Cyrtodonta penkhillense, sp. nov. (Pl. IV., fig. 21.) 


Specific Characters.—Shell below medium size, transversely oblong, slightly 
oblique, inequilateral, obliquely somewhat gibbose. The anterior end is short, its 
margin rounded. The inferior border very slightly convex; the posterior obliquely 
truncate, almost straight, making an obtuse angle with the hinge plate, which is straight 
and slightly elevated posteriorly. The umbones are small, incurved, placed somewhat 
anteriorly ; a well-marked subangular ridge passes backwards from the umbo to the 
postero-inferior angle, and a more rounded shorter ridge marks off the umbo from the 
small anterior end; and the dorsal slope is compressed and hollowed. 

Interior.—Not observed in the specimen. 

Exterior.—The surface is almost smooth, but here and there on the body of the 


valve concentric strize of growth may be seen. 
TRANS, ROY, SOC. EDIN., VOL. XLVII. PART III. (NO. 18). 75 
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Dimensions.—Fig. 21, Pl. [V., measures: antero-posteriorly, 14 mm.; dorso-ventrally, 
10 mm. 

Locality.—Upper Llandovery at Penkhill. 

Observations.—This specimen is provisionally referred to the genus Cyrtodonta, 
though no details of the hinge plate are to be seen. It is much more modioliform and 
has its posterior end more expanded than C. quadrata, Salter, sp., with the type of 
which I have been able to compare it. The specimen consists of a slab with both 
valves lying open, of which the right has lost its lower border. 


Cyrtodonta gibbosa, Salter. (Pl. IV., fig. 17.) 


Specific Characters.—Shell of medium size, oblique, gibbose, subquadrate, inequi- 
lateral. The anterior end is compressed, its border rounded. The inferior border is 
strongly convex. The posterior, oblique, truncate, almost straight. The hinge line 
straight, equalling in length the longest antero-posterior diameter of the shell. Postero- 
superior angle obtuse. ‘The umbones are swollen, incurved, and pointed, and placed at 
the junction of the anterior and middle thirds of the hinge line. The body of the shell 
is strongly convex, the dorsal slope much compressed. Anteriorly there is a small 
oblique compression. 

Intervor.—The hinge plate consists of two anterior oblique teeth separated by 
grooves. Posteriorly, two long oblique teeth, which become thickened as they pass 
backwards. 

The anterior adductor muscle scar well marked, round, and deeply placed within the 
umbonal hollow, remote from the margins ; the posterior shallow and inconspicuous. 

Exterior.—The surface is ornamented with fine concentric lines of growth, some- 
what flexuous in front, and towards the inferior margin separated into grooves by a 
deeper concentric groove. 

Dimensions.—Fig. 17, Pl. IV., a left valve, measures: antero-posteriorly, 28 mm. ; 
dorso-ventrally, 25 mm. ; from side to side, 15 mm. (estimated). 

Locality.—Lower Llandovery of Mulloch Hill. 

Observations.—A single specimen, a cast of the left valve, is in the collection. The 
hinge plate is most perfectly preserved, and all details of the interior are exposed. The 
inferior part shows some details, however, of the surface marking. 


Cyrtodonta Billingsiana, Salter, 1866. (Pl. IV., fig. 18.) 
Palearca Billingsiana, Salter, 1866, p. 342, woodcut 12, fig. 4. 


Specific Characters.—Shell rhomboid, ovate, moderately gibbose, inequilateral. The 
anterior end the shorter, compressed at its antero-superior angle, which is a right angle. 
The anterior margin is sinuous above, bluntly rounded below. The inferior border — 
broadly convex. The posterior obliquely truncate, nearly straight; the postero- 
superior angle well defined, somewhat obtuse. The hinge line is almost straight. The 
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umbones are small, pointed, and incurved, slightly raised, placed a little anterior to the 
middle line. The valves are obliquely swollen, and a very compressed and hollowed 
dorsal slope is separated from the rest of the shell by a bluntly rounded oblique ridge 
which passes from the umbo to the posterior inferior angle, becoming less angular as it 
approaches the border of the shell. 

Interior.—The hinge consists of three short radiating teeth separated by grooves 
posteriorly, and in front of four very fine oblique teeth. The anterior adductor muscle 
sear is small and placed low down, immediately within the margin of the valve; the 
posterior is shallow and placed in the hollow of the dorsal slope, distant from the 
hinge line. 

Hxterior.—The surface is ornamented with fine, somewhat irregular concentric lines 
and strize of growth. 

Dimensions.—Fig. 18, Pl. IV.. a left valve, measures : antero-posteriorly, 37 mm. ; 
dorso-ventrally, 26 mm. ; elevation of valve, 8 mm. 

Locality.—Lower Llandovery of Mulloch Hill. 

Observations.—The only example in the collection consists of a cast of the interior 
and its mould, showing the external surface of the valve. The hinge plate is well 
exposed. 

Tt will be noted that Saursr says his shell was rather compressed. I have described 
this example as moderately gibbose, and we differ as to the position of the umbones, for 
I do not think that his figure warrants the description : ‘‘ The beak is anterior, beyond 
the anterior fourth.” SaLrer’s type appears to have a more angular ridge from the 
umbones to the posterior inferior angle than the Scotch specimen, but I fancy there has 
been some compression of the former, and that this character is largely accidental. 


Cyrtodonta transversa, sp. nov. (Pl. IV., figs. 19, 20.) 


Specific Characters.—Shell below medium size, transverse, gibbose. Anterior end 
much narrower than the posterior in the dorso-ventral diameter, very inequilateral. 
The anterior end is narrowed, its border rounded. The inferior border is elongate and 
descends, becoming almost straight posteriorly. The posterior border oblique, bluntly 
rounded below, almost straight above. The hinge line is straight, raised posteriorly. 
The umbones are elongate, obtuse, inrolled and twisted forward, placed far forwards 
but not terminal. Proceeding from the umbo towards the postero-inferior angle is a 
blunt, rounded gibbosity, above which the dorsal slope is so much compressed 
as to be concave. Anteriorly the valve is slightly compressed above the middle 
lower border. ; | 

Interior.—The hinge plate is normal. Adductor muscle scars normal. 

Exterior.—Ornamented by concentric grooves and rugose lines of growth. 

Dimensions.—Fig. 19, Pl. IV., a left valve, measures: antero-posteriorly, 19 mm. ; 
dorso-ventrally, 13 mm. 
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Locality.—Upper Bala, Star-fish bed. 

Observations.—Two specimens, a right and a left valve, are in the Gray Collection. 
‘The latter shows the hinge plate, and both are casts of the interior, but show indications 
of the surface ornament. SaurTer’s C. quadrata, sp., has something of the appearance of 
C transversa, but the latter has an expanded posterior end, and the upper and lower 
margins are not so nearly parallel. 


Genus Vanuxemia, Billings, 1858. 


Vanuxemia, Billings, 1858, Rep. Prog. Geol. Surv. Canada, p. 186. 
* Miller, 1889, North Amer. Geol. and Pal., p. 515. 
5 Ulrich, 1897, Geol. Minnesota, Final Rep., vol. iii., pt. ., p. 549. 


Generic Characters.—Shell ventricose, oblique, very inequilateral. Umbones an- 
terior, raised, incurved, distant, a well-marked ligamental area. 

Intervor.—Hinge plate massive, with two to four oblique cardinal and lateral teeth. 
Anterior adductor muscle scar deep, and placed apparently in a hollow of the anterior 
end of the thickened hinge plate. Pallial line entire. 

Extervor.—The surface is marked by fine lines of growth. 

Observations.—The umbones of Vanuxemia are more terminal than those of 
Cyrtodonta, to which it has a close affinity, as demonstrated by the structure of the 
hinge plate. ULRicu (op. supra cit.) points out the important difference in the position 
of the anterior adductor muscle scar ‘‘ being excavated out of the hinge plate instead of 
being placed on the floor of the valve.” He says he knows twenty to twenty-five valid 
species, all of Lower Silurian age. 


Vanuxemia distans, sp. nov. (PI. V., figs. 31-83.) 


Specific Characters.—Shell small, obliquely gibbose, subquadrate. The anterior end 
is compressed and thin, subalate ; its margin descends and curves backwards, the inferior 
border is narrowed and rounded, the posterior margin almost straight, oblique, the 
hinge line straight. ‘The umbones are large and pointed and incurved, and twisted 
slightly forwards, widely separated and elevated, subcentral. The valve is obliquely 
swollen, the dorsal slope subalate. 

Intervor.—The posterior hinge teeth are normal. Unfortunately, no more details are 
exposed. 

Exterior.—Ornamented with fine concentric lines of growth. 

Dimensions. Fig. 33, Pl. V., a right valve, measures: antero-posteriorly, 19 mm. ; 
dorso-ventrally, 12 mm. ; gibbosity of valve, 7 mm. 

Locality.—Scotland ; Llandeilo beds, Balelatchie, Dowhill, Craighead. 

Observations.—This peculiarly shaped shell resembles the gasteropod Capulus in 
shape, but, as I find both right and left valves, there is no doubt that it is a Pelecypod. 
There are several specimens in the Gray Collection from the above localities. Several 
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are crushed so that the umbones and oblique swelling become angular. I can find no 
described form at all like the shells under description, and have given them the specific 
name of distans, on account of the widely separated umbones. 


Genus Pararca, Hall, 1885. 
Pararca, Hall, 1885, Geol. Surv. New York, vol. v., pt. i., Lamell., ii., p. xxxvi. 


Generic Characters.— Shell equivalve, inequilateral, transversely subelliptical or 
rhomboidal in outline. Posterior end often subtruncate. Anterior end short and 
rounded. Valves moderately convex. Cardinal line about half the length of the 
valve, arching at the beaks. Umbonal slope often defined. Surface marked with more 
or less slender radii with narrow interspaces and with fine concentric striz of growth. 

“ Hinge narrow and long, furnished with a series of minute crenulations. Ligament 
apparently contained in a narrow groove along the cardinal border. Muscular impres- 
sions and pallial line unknown.” 

Observations.—I have quoted Hat's diagnosis of the genus, to which he assigns 
six species from the Devonian rocks of North America, of which P. transversa most 
closely resembles the Scotch specimen. There is some little difficulty in settlmg which 
is the type; after the name of the genus we find in brackets, “Types, P. transversa, 
P. venusta, P. Sao, P. recta,” but the description of P. precedens comes first, and 
P. transversa second. 


Pararca tenwlineata, sp. nov. (Pl. IV., fig. 22.) 


Specific Characters.—Shell small, transverse, slightly inequilateral, regularly 
swollen. The borders are formed by a single curve of varying radius. ‘The hinge 
line gently arcuate. ‘The umbones are subcentral, small, moderately raised. 

Interior.—Unknown. 

Hxterior.—The surface is everywhere crossed by close, fine, radiating lines, visible 
under the microscope. These lines are a little thicker where they terminate at the 
margin of the valve. There are several concentric undulations of growth on the 
surface of the valve. ; 

Dimensions. Fig. 22, Pl. IV., measures: antero-posteriorly, 10 mm.; dorso- 
ventrally, 6 mm. 

Locality.—Penkhill, Upper Llandovery. 

Observations.—This is a very distinct little shell, and I regret that only one 
specimen, and that one far from perfect, is at my disposal. It is very closely allied 
to P. transversa, Hall, but it has a close resemblance to C. wnequistriata, Beushausen, 
from the Upper Devonian (Abh. Konig. Preuss. Geol. Landesanstalt, Neue Folge, 
Heft xvii.; Die Lamell. des rheinischen Devon., p. 347, pl. xxxvi. fig. 11). 

This author shows the posterior side of the shell to be a little longer than the 
anterior, and if this obtains in the Penkhill specimen the latter will be a left valve. 
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I question whether BrusHauseEn’s species should be referred to Cardiola. It is clearly 
more nearly allied to Pararca, Hall.. Hau shows that the posterior side of the shell 
is the longer. 


Genus Mytilarca, Hall, 1870. 


Mytilarca, Hall, 1870, Prelim. Notice Lamell. Shells, p. 19. 
A Hall, 1884, Geol. Surv. New York, vol. v., Pal., i., Lamell., pt. ii., p. xiv. 
os Miller, 1889, North American Geol. and Pal., p. 493. 

Generic Characters.—“ Shell equivalve, inequilateral and mytiliform, with terminal 
beaks and short hinge line, which is bordered by a flattened, longitudinally striated 
ligamental area of greater or less extent. Cardinal teeth small, situated beneath the 
beak. Posterior teeth small and oblique, situated at the post-cardinal extremity of the 
hinge. ‘Test free from radii, with a single known exception.” 

Mytilarca, sub-gen. Plethomytilus, Hall, 1884.—‘‘ Equivalve, mytiloid, gibbous. 
Shells with a finely striated ligamental area. Posterior side subalate. Hinge line 
transverse. Lateral teeth small and oblique. No cardinal teeth have been observed. 
Test with concentric striz.” 

Observations.—It is very questionable whether the sub-genus Plethomytilus is — 
necessary. In Nawadites, Myalina, and other mytiliform genera, it is found that the 
species have been formed by differences in the length of the hinge line. For example, 
M. Vernewillt has an elongate hinge line, and M. Flemingi: a very short one. 
N. modiolaris has a long one, aud N. carinata and N. triangularis much shorter. 

Mytilarca is closely related to Ambonychia, but there seems to be no byssal noteh, 
judging from the figured specimens in Hau’s work. 

Mytilarca is well represented in Devonian rocks. 


Mytilarca (Plethomytilus) mytilimeris, Conrad, sp. 1842. (Pl. IL, figs. 11, 12.) 


Inoceramus mytilimeris, Conrad, 1842, Jour. Acad. Nat. Sc., vol. viii. p. 241. 
Mytilus mytilimeris, Salter, 1848, Mem. Geol. Surv. Gt. Britain, vol. ii., pt. 1, p. 364, pl. xx. 
figs. 7, 8, 9. 

Plethomytilus mytilimeris, Miller, 1889, North American Geol. and Pal., p. 503. 
Specific Characters.—Shell of moderate size, compressed, ovate. No anterior side. 
The valves are deepest at the anterior border, which descends almost vertically down- 
wards at first, then forms the well-rounded inferior margin. The posterior margin 
is slightly oblique, almost straight, forming a continuous curve with the lower border, 
and almost a right angle with the hinge line above. The hinge line is short and 
straight. The umbones are pointed, twisted forward, and terminal, projecting over the 
anterior border. The postero-superior angle is compressed and subalate. 
Interior.—I am able to give no details, except that the hinge plate was thick in ite 

neighbourhood of the umbo. 
Exterior.—The surface seems to have been almost smooth. 
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Dimensions.—Fig. 11, Pl. IL, measures : antero-posteriorly, 30 mm. ; dorso-ventrally, 
45 mm.; elevation of valve, 3 mm. 

Locality.—Woodland Point, Middle Llandovery ; Star-fish beds, Upper Bala. 

Observations.—Fig. 11, Pl. Il., agrees well with the specimen figured by SaurEr 
(op. supra cit.). Amongst the specimens is one which I conceive has been much 
compressed laterally, so that it appears to be a very narrow but deep shell ; and there 
is a specimen (PI. II., fig. 12) that I think may be a very senile form, though it is not 
unlike P. ponderosus of Haut. 

Satter suggested that the Inoceramus trigonus of Porrtock might be a form 
of P. mytilimeris, but the hinge line is much too long for this species. 


“Genus Nucula, Lamarck, 1799. 
For synonomy, vide Hind, 1897, Mono. Brit. Carb. Lamell., p. 175. 


Generic Characters.—Shell equivalve, inequilateral, close all round, more or less 
gibbose. Hinge angular, multidenticulate ; hinge teeth in two sets, separated by a small 
fossa for the ligament, which is internal. Adductor muscle impressions well marked. 
Pallial line entire. No lunule or escutcheon. 

Observations.—I have thought it well to refer two species to this genus, on the 
general characters and shape, although I have not been able to verify the generic 
character of the hinge plate. Conversely to what obtains in Carboniferous times, Nucula 
is only represented in Ordovician rocks by two species, while Ctenodonta has assumed 
many different forms. 

For a fuller discussion of the relations of Nucula, Nuculana, and Ctenodonta, I 
would refer to my monograph (op. supra cit.). 


Nucula levata, Hall, sp., 1847. (Pl. UL., figs, 29-31, 31a.) 


Nucula levata, M‘Coy, 1855, Brit. Pal. Foss., p. 285, pl. iv. figs. 4, 5. 
Bs », Hall, 1847, Pal. New York, vol. i. p. 150, pl. xxxiv. figs. la-4. 

Specific Characters.—Shell obliquely sub-rhomboidal, gibbose. The anterior end 
is rounded, inferior margin slightly convex, posterior margin oblique and almost 
straight, making a bluntly rounded angle with the lower margin, and a very obtuse 
angle with the hinge line. Hinge line almost straight, elevated, short. Umbones 
elevated, swollen, pointed, incurved, and contiguous, placed almost about the centre of 
the hinge line. No lunule or escutcheon. Dorsal slope hollowed and depressed. 

Interior.—Not known. 

Exterior.—The surface is almost smooth. 

Dimensions.—Fig. 30, Pl. III., measures: antero-posteriorly, 14 mm.; dorso- 
ventrally, 11 mm. ; from side to side, 10 mm. 

Locality.—Scotland : Llandeilo beds, Balclatchie, Ardmillan. Wales: Dinas Bran. 

Observations.—This species was stated by Hatt to vary considerably, and the 
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Scotch specimens agree better with the description than the figures. Whether the 
genus is correctly stated as Ctenodonta I doubt, but in the absence of definite knowledge 
I can only say that the shape and general character of the shell would lead me to 
suggest Nucula. The species is not uncommon. 


Nucula? varicosa, Salter, 1854. (Pl. III, figs. 32-37.) 
Nucula varicosa, Salter, 1854, Q.J.G.S., vol. x. p. 75. 


Ctenodonta varicosa, Salter, Siluria, 2nd ed., p. 213, fig. 4. 
5 ee » 1866, Mem. Geol. Surv. Gt. Britain, vol. iii. p. 345, Woodeut xiii. 
fig. 1. ; 

Specific Characters.—Shell obliquely and triangularly ovate, gibbose. Umbones 
subcentral, raised, incurved, and somewhat prosogyrous. The cardinal margin is sub- 
angular, the inferior bluntly rounded. 

Interior.—The anterior adductor scar is deep and rounded, placed some way within“ 
the margin and half-way down; the posterior is rounded and placed low down. The ~ 
hinge plate is multidenticulate, but I am unable to say whether there is a fossa between 
the anterior and posterior rows of teeth. 

Exterior.—The surface is almost smooth ; but towards the lower margin are some 
deep, distant, concentric lines. 

Dimensions.—Fig. 32, Pl. IIL, measures: antero-posteriorly, 10 mm.; dorso-ven- — 
trally, 9 mm. 

Localities.—Scotland : Llandeilo series at Ardmillan and Dowhill. England : Caradoc 
beds, Onny River, Bala, Conway Falls, Horderly. 

Observations.—I am unable to decide whether this species should be referred to 
Nucula or Ctenodonta. The shape and general characters of the shell incline me to 
adopt SaLrer’s first view and to retain the species in Nucula. Ctenodonta, as far as 1 
know from a study of the Carboniferous species, never assumes the peculiar shape of — 
the species under discussion. 


Genus Nuculana, Link., 1807. 
For synonymy, vide Hind, 1897, Mono. Brit. Carb. Lamell. (Pal. Soc.), p. 192. 


Generic Characters.—Shell transverse, more or less narrowed behind and produced 
into a beak. Umbones small and contiguous; lunule and escutcheon well marked. 
Cardinal border somewhat angular. Hinge teeth numerous, in two sets, which do not 
extend very far on each side of the umbo, separated by a fossa for the ligament, which 
is internal, placed between the anterior and posterior sets of teeth. Posterior slope 
more or less keeled. Pallial line sinuated or not. Surface ornamented with fine, 
regular, concentric, parallel grooves and lines. f 

Observations.—The generic characters are quoted from my monograph on the 
Carboniferous lamellibranchs (op. supra cit.). It is interesting to find specimens of the 
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genus with their main characters agreeing closely with Carboniferous forms in much 
older rocks, and indicates that the ancestry of the genus must be looked for in still 
older rocks. The ornament seems to have a permanence of character and to be pre- 
served even in recent forms. | 

I have referred several species to the genus, and it is of interest to note that the 
tendency to the varietal development of the species is analogous to that which obtains 
in the Carboniferous forms. 


Nuculana lobata, sp. nov. (PI. IV., figs. 1-3, 3a.) 


Specific Characters.—Shell small, irregular in shape. ‘The main portion of the shell 
is trianeular and gibbose ; the anterior superior angle is much compressed and expanded 
into a lobe which projects forwards. ‘The anterior margin is thin and descends 
obliquely downwards and backwards. The inferior margin convex. The posterior end 
is apparently narrowed, compressed, its margin obliquely truncate, straight above and 
rounded below. ‘The hinge line is erect and compressed anterior to the umbones, erect 
and sloping posteriorly, moderately short, making an obtuse angle with the posterior 
margin. The umbones are comparatively large, elevated, incurved, pointed, contiguous, 
placed in front of the centre of the shell. The anterior umbonal slope is marked off 
from the anterior lobe by a sudden and steep continuation. There is a very large, deep 
escutcheon, bounded by a curved, rounded ridge which passes from the umbo to the 
posterior margin. 

Interior.—The hinge is normal. Adductor muscle scars small and shallow. Pallial 
line entire. 

Exterior.—The surface is covered with fine, close, reeular lines of growth, which 
may become interrupted by one or two deep concentric grooves, near the lower margin 
of the valve. 

Dimensions.—Fig. 1, Pl. [V., measures : antero-posteriorly, 13 mm. ; dorso-ventrally, 
10 mm. ; from side to side, 7 mm. 

Locality.—-Upper Bala beds, Drummuck, Thraive (Glen. 

Observations.—This species is easily identified by the peculiar shape, caused by the 
auterior lobe and the deep escutcheon. Fortunately, the collection contains a very good 
specimen as a cast of the interior, so that the internal anatomy of the shell is demon- 
strated. The presence of the well-developed escutcheon and the ornament have 
determined me to place the shell in the genus Nuculana. 


Nuculana imbricata, Portlock, sp., 1846. (Pl. IV., figs. 4-7, 7a.) 


Nucula acuta, var. imbricata, Portlock, 1843, Geol. Rep. Londonderry, p. 430, pl. xxxiv. fig. 10. 
»  subacuta, M‘Coy, 1846, Sil. Foss. Ireland, p. 19, pl. ii. fig. 3. 
Specific Characters.—Shell small, transversely ovate, acute. Anterior end rounded ; 
posterior, narrowed and pointed. The inferior margin is convex. The hinge line 


arched, the posterior limb descending rapidly, with a curve, whose convexity is upwards. 
TRANS. ROY. SOC. EDIN., VOL, XLVII. PART III. (NO. 18). 76 
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The umbones are tumid, subcentral, elevated, and moderately large. A large lunule and 
escutcheon. 

Interior.—Hinge multidenticulate, anterior and posterior rows of teeth not con- 
tinuous. Adductor muscle scars normal. In casts, the fossil is much cut away 
posterior to the umbo, corresponding to the large escutcheon. 

Exterior.—The surface is adorned with numerous distinct, raised, parallel concentric 
lines. 

Dimensions.—Fig. 4, Pl. IV., a right valve, measures : antero-posteriorly, 5 mm. ; 
dorso-ventrally, 4 mm. 

Locality.—Scotland: Llandeilo beds, Ardmillan, Craighead, Balclatchie. Ireland : 
Desertcreat, Co. Tyrone. 

Observations. —M‘Coy should, I think, have preserved Portiock’s varietal name, 
instead of substituting a new one. PoRTLOCK, it was very evident, thought his species, 
though very closely allied in form to SowERBy’s Coal Measures form J. acuta, distinct. 
He says: “‘ Mr Sowersy’s figures so closely agree with our specimen that it is difficult — 
to separate them ; still, however, it is probable that they are not the same.” He then 
proceeded to point out differences, and on that account gave the varietal name embricata, 
which I adopt on grounds of priority. The species has all the characters of the genus — 
Nuculana. The special concentric linear ornament is only found in this genus of the 
Nuculidee in Carboniferous rocks. 


Nuculana concentrica, sp. nov. (Pl. IV., figs. 8, 9.) 


Specific Characters.—Shell small, transverse, deep anteriorly, narrowed posteriorly, 
moderately compressed. The anterior margin bluntly rounded, the inferior gently 
convex. The posterior border narrow, bluntly rounded. The hinge line arched, much 
depressed posteriorly. The umbones small, erect, excavated posteriorly by the well- 
marked dorsal slope and escutcheon, incurved, apparently directed backwards, subcentral. — 
The valves are gently swollen, with a very marked depressed, shallowed dorsal slope. ~ 

Interior.—Hinge multidenticulate, but the cartilage fossa below the umbo has not 
been seen. 

Exterior.—The surface is adorned with fine raised concentric lines, with sulci 
between them of a width double that of the line. 

Dimensions.—Fig, 8, Pl. [V., measures : antero-posteriorly, 13 mm. ; dorso-ventrally, 
7°5 mm. 

Locality. —Woodland Point, Middle Llandovery. : 

Observations.—A well-marked species, which I have referred to Nuculana rather 
than to Ctenodonta on account of its shape and ornament, and of the fact that there seems 
to be a well-marked escutcheon. Three specimens, all from the same locality, are in t 
collection, one of which shows both valves flattened out on a slab, the left valve b 
somewhat crushed, but in the right valve the anterior part of the hinge plate is expose 
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Nuculana curta, sp. nov. (PI. IV., figs. 10-14, 14a.) 


Specific Characters,—Shell small, triangular, ovate, gibbose, inequilateral. The 
anterior end rounded, the posterior narrowed at the expense of its upper margin. 
The anterior margin rounded, the inferior convex, the posterior narrow and blunt. 
The hinge line arched. ‘The umbones large, raised, incurved and pointed, placed at 
the junction of the anterior and middle thirds of the hinge plate. The lunule small, 
escutcheon large and wide. 

Interior.—The hinge plate appears to have a central cartilage pit between the 
anterior and posterior rows of teeth. Muscle scars normal, but no impression within 
the umbonal cavity. Pallial line entire. 

Exterior.—The surface is ornamented with close, regular, fine, linear, concentric 
lines. 

Dimensions.—Fig. 11, Pl. IV., measures: antero-posteriorly, 10 mm.; dorso- 
ventrally, 6 mm. 

Localities.—Middle Bala, Shalloch Mill; Upper Bala, Thraive Glen and Star-fish 
bed ; Lower Llandovery, Mulloch Hill. 

Observations.—A very well-marked little shell, which must be placed under 
Nuculana on account of the large escutcheon and the arrangement of the hinge plate. 
Not uncommon ; several examples show casts of the interior. ‘This species is much less 
transverse and pointed than WN. wmbricata, which occurs in the Llandeilo beds of 
Ardmillan. 


Genus Ctenodonta, Salter, 1851. 


Ctenodonta, Salter, 1851, Rep. Brit. Assoc. for 1851 (1852), p. 64. 
Hind, 1898, Mono. Brit. Carb. Lamell. (Pal. Soc.), p. 209. 


” 


Generic Characters.—Shell more or less transverse, ovate. Hinge consists of 
a long row of teeth, which become smaller as they approach the centre from 
either extremity. There is no cartilage pit below the umbo separating the 
hinge teeth into an anterior and posterior set. PPallial line entire. No lunule or 
escutcheon. 

Observations. —On pp. 177 and 209, op. supra cit., | have discussed the synonymy 
of this genus, which was established for a Canadian species by Satrer, and it is 
unnecessary to say more here. The genus was represented by many more species in 
Ordovician than Carboniferous times. In the Devonian rocks of North America, HaLu 
shows that the number of species reached its maximum, and in Carboniferous times only 
two species survived. The range in time is much less than either of its closely allied 
genera Nucula and Nuculana. 

Most of the species which have been included in the Gray Collection have been 
described previously, but one species I consider to be new, C. trianguluris. 
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Ctenodonta dissimilis, Portlock, sp., 1843. (Pl. IIL, figs. 5-7.) 
Arca dissimilis, Portlock, 1843, Rep. Geol. Londonderry, p. 428, pl. xxxiv. fig. 5. 


Specific Characters.—Shell below medium size, moderately compressed, inequi- 
lateral, obliquely oval. The anterior end is narrowed, chiefly at the expense of its 
lower margin ; its border bluntly rounded. The inferior border convex ; the posterior 
bluntly rounded. The hinge line very gently arcuate. The umbones poited, — 
raised, incurved, and hollowed out in front; placed in front of the middle line. The 
umbonal region is moderately gibbose, but the valve is rapidly compressed towards — 
its margin. 

Interior.—The hinge plate is normal. 

Exterior.—The surface is ornamented by fine concentric lines. 

Locality.—Drummuck, Thraive Glen, Upper Bala. 
Dimensions.—Fig. 7, Pl. III., measures : antero-posteriorly, 9 mm. ; dorso-ventrally, — 
7 mm. 

Observations.—After comparison with PortiocK’s type, I have referred four 
specimens to his species provisionally. There is doubt, from Porriock’s description 
of the hinge plate, that the species belongs to Ctenodonta rather than to Arca, although 
he says “the species approximates in the arrangement of the teeth to the genus Arca.” 
Only four specimens have been obtained in Scotland. 


Ctenodonta lingualis, Phillips, sp., 1848. (Pl. IIL, figs. 8, 9.) 
Nucula lingualis, Phillips, 1848, Mem. Geol. Surv. Great Britain, vol. ii., pt. i., p. 367, pl. xxii. fig, 6. 


Specific Characters.—Shell transversely ovate, postero-inferior angle produced, 
gibbose, inequilateral. The anterior border rounded, the inferior broadly convex. Thess 
posterior obliquely truncate, almost straight. Hinge line arcuate, erect posteriorly. ‘The 
umbones well developed, gibbose, incurved, and twisted forwards, placed at the 
junction of the anterior and middle thirds of the hinge line. The dorsal slope is com-— 
pressed and hollowed. No lunule or escutcheon. 

Intervor.—Normal. 

Exterior.—The surface is ornamented with fine concentric lines and ruge of 
growth. 

Dimensions.—Fig. 8, Pl. IIL, a bivalve example, measures: antero-posteriorly, 
21 mm. ; dorso-ventrally, 8 mm. ; from side to side, 9 mm. f 

Localities.—Drummuck, and Middle Bala of Shalloch Mill. England: Lower 
Caradoc beds of Eastnor Park. 

Observations.—Three specimens in the collection I refer to Putiures’ species, and 
they differ markedly from any other forms of the same genus in general characters. 
The transversely oval shape, erect hinge line posteriorly, and the hollow dorsal slope 
at once distinguish the species from all others. 
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Ctenodonta triangularis, sp. nov. (Pl. IIL, figs. 10, 11.) 


Specific Characters.—Shell compressed, triangular. The anterior end deep, the 
posterior narrowed and slightly produced. The anterior border descends downwards 
and backwards almost straight; the inferior border is bluntly curved at first, and almost 
straight in the posterior two-thirds. Posterior border very short, truncate. Hinge 
line almost straight, the longest diameter of the shell. The umbones are small, 
pointed, and inconspicuous, subcentral. 

Interior.—The: anterior part of the hinge plate only has been seen, and consists of 
a number of small tubercular teeth. 

Eaterior.—-The surface is ornamented with numerous close, concentric, fine lines of 
growth. 

Dimensions.—Fig. 10, Pl. II]., measures: antero-posteriorly, 6°5 mm.; dorso- 
ventrally, 4 mm. 

Locality.—Llandeilo series of Ardmillan. 

Observations.—Two specimens of the species have been obtained. The specimen 
on which my description is based is a right valve. Its shape and contour are so peculiar 
that it cannot be referred to any known species. 

The whole of the hinge has not been seen, but for the present I refer it to 
Ctenodonta. ; 

It has occurred to me that the Posedonomyw venusta figured by PorrLock may be 
an example of the shell I have just described. 


Ctenodonta aff. transversa, Portlock, sp., 1843. (PI. IIL, figs. 12-14.) 
Arca transversa, Portlock, 1843, Geok-Rep. Londonderry, p. 428, pl. xxxiv. figs. 1-4. 


Specific Characters.—Shell almost equivalve, transversely oval, ends somewhat 
truncate, the posterior broader than the anterior, very moderately gibbose. The 
inferior margin broadly convex, the hinge line arched. Umbones small, very little 
raised, subcentral. No lunule or escutcheon. 

Interior.—Normal. 

xterior.—Surface almost smooth, but the microscope shows very fine concentric 
lines of growth. 

Dimensions.—Fig. 13, Pl. III., a left valve, measures: antero-posteriorly, 15 mm. ; 
dorso-ventrally, 8 mm. 

Localities.—Scotland: Llandeilo bed, Balclatchie, Craighead; -Middle Bala of 
Shalloch Mill and Whitehouse Bay; Lower Llandovery, Mulloch Hill; Middle 
Llandovery, Woodland Point; Upper Llandovery of Penkhill. 

Observations.—The Scotch specimens are very much smaller than PorrLock’s types, 
which are all internal casts, and for this reason it is difficult to be certain that I 
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am correct in referring them to this species; but the shell is so devoid of any special 
characters that for the present I think it best to refer it to C. transversa. The 
specimens from the higher beds are larger, and equal the Irish specimen in size. 


Ctenodonta regularis, Portlock, sp., 1843. (PI. IIL. figs. 15-17.) 
Arca regularis, Portlock, 1843, Geol. Rep. Londonderry, p. 427, pl. xxxiv. fig. 2. 


Specific Characters.—Shell semicircularly oval, moderately but regularly convex, 
almost equilateral. The anterior and inferior margins regularly curved, the posterior 
slightly truncate. The hinge line almost straight. The umbones are central, raised and 
pointed, small. The posterior slope slightly hollowed. 

Interior.—The hinge teeth are normal. 

Exterior.—The surface is ornamented with fine, close, regular concentric lines. 

Dimensions.—Portiock’s type (holotype) measures: antero-posteriorly, 13 mm.; — 
dorso-ventrally, 9 mm. | 

Localities. —Llandeilo beds at Dowhill, Craighead, and Balclatchie. 

Observations.—The specimen figured by Porrock is a left valve, and is either — 
semi-decorticated or the cast of the exterior. Only one of Mrs Gray’s specimens 
shows the external characters, which are similar to those which obtained in Carboni- — 
ferous forms of the genus. 


Ctenodonta obliqua, Portlock, sp., 1843. (Pl. IIL, figs. 18, 19.) 


Arca obliqua, Portlock, 1843, Geol. Rep. Londonderry, p. 429, pl. xxxiv. fig. 6. 
Ctenodonta obliqua, Murchison, 1859, Siluria, 3rd ed., p. 213, fig. 6. 


Specific Characters.—Shell suborbicular, equilateral, moderately gibbose, with 
compressed dorsal slope. The anterior end is compressed, its margin rounded. 
Inferior border broadly curved, meeting the posterior margin at an angle. Posterior 
border oblique, straight, making a more or less obtuse angle with the hinge line, which 
is straight and short. Umbones small, tumid, incurved, slightly raised, central. 
Passing from the umbo to the postero-inferior angle is an oblique ridge separating the 
hollowed dorsal slope from the rest of the valve. No lunule or escutcheon. 

Interior.— Hinge multidenticulate, normal. Adductor muscle scars normal. 

Ezxterior.—Shell covered with fine, somewhat irregular, close concentric lines of 
growth ; towards the lower border, strong concentric sulci. 

Dimensions.—Fig. 18, Pl. III, measures: antero-posteriorly, 15 mm.; dorso- 
ventrally, 11 mm.; from side to side, 5 mm. | 

Locality.—Scotland: Upper Bala beds, Drummuck. Ireland: Desertcreat, Co. 
Tyrone. 

Observations.—PorRTLOcK’s type is the cast of the interior of the right valve. 


THE LAMELLIBRANCHS OF THE SILURIAN ROCKS OF GIRVAN. 525 


characteristic traits of the species are the central umbones and the angular ridge. I am 
in doubt as to the correctness of referring the figure given by MurcuHIson (op. cit. supra) 
to PorTLocK’s species, because the drawing shows neither of these characters. 


Ctenodonta eastnori, Portlock, sp., 1843. (PI. LIL, figs. 20-22.) 


Arca eastnori, Portlock, 1843, Geol. Rep. Londonderry, p. 427, pl. xxxiv. fig. 3. 
Ctenodonta eastnort, Murchison, 1859, Siluria, p. 233, pl. xi. fig. 9. 

Specific Characters.—Shell gibbose, transversal, oval, compressed in front and 
behind ; umbones subcentral, pointed, incurved. Posterior end slightly deeper than the 
anterior ; junction of anterior and posterior margins with the hinge line almost a right 
angle. Hinge line straight, inferior margin slightly convex; anterior almost straight, 
passing downwards and forwards. Postero-inferior angle bluntly rounded; posterior 
margin straight, oblique. 

Interior.—Hinge line multidenticulate, no fossa separating the anterior and 
posterior rows of teeth. Adductor scars small and not well marked. 

Haterior.—Surface nearly smooth. 

Dimensions.—Fig. 22, Pl. III., a large specimen, measures: antero-posteriorly, 
25 mm.; dorso-ventrally, 16 mm. 

Locality.—Scotland: Llandeilo beds, Craigland, Ardmillan, Balclatchie; Star-fish 
bed, Upper Bala. Ireland: Desertcreat, Co. Tyrone. 

Observations.—This species seems to be rare in the Gray Collection. One specimen 
(fig. 22, Pl. III.) is much larger than the Irish specimens, which are casts of the interior, 
and fortunately show the hinge plate. I have no hesitation in feferring this species to 
Ctenodonta. 

C. eastnori has been obtained from the Upper Llandovery of Malvern. 


Ctenodonta semitruncatus, Portlock, sp. (Pl. IIL, figs. 23-25.) 
_ Pectunculus semitruncatus, Portlock, 1843, Geol. Rep. Londonderry, p. 429, pl. xxxiv. fig. 7. 


Specific Characters.—Shell below medium size, equilateral, suborbicular, moderately 
gibbose. The anterior end compressed, its margin rounded. ‘he inferior margin 
broadly convex, meeting the posterior border at a blunted angle. The posterior border 
is obliquely truncate, almost straight. The postero-superior angle obtuse. ‘The hinge 
line only slightly arched. Umbones almost central, small, swollen, pointed and 
incurved, slightly raised above the hinge line. Dorsal slope rapidly compressed, so that 
there is an almost angular ridge from the umbo to the postero-inferior angle. 

Interiov.—The adductor muscle scars are small and normal in position. Hinge plate 
normal. Pallial line entire. 

xterior.—The surface is ornamented with numerous fine, raised, concentric lines, 
often interrupted by deeper, more irregular sulci of growth, and thus apparently grouped 
into bands, especially towards the lower margin. 
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Dimensions.—Fig. 23, Pl. III., a bivalve example, measures: antero-posteriorly, 
18 mm. ; dorso-ventrally, 13 mm. ; from side to side, 10 mm. 

found —Scotland : Upper Bala beds of Drummuck; Middle Bala, Shalloch —_ 
Ireland: Desertcreat, Co. Tyrone. 

Observations.—PoRTLOCK’s type is.a cast of the interior of a left valve. In the 
Gray Collection is a fine bivalve shell with the test preserved, also a specimen which | 
shows the interior of the right valve. The characteristic shape of the shell is very 
distinctive. The best-preserved specimens are from the Upper Bala beds, but I have 
referred a number of specimens from the Middle Bala of Shalloch Mill to the same 
species. These examples are crushed and distorted, but I note in some of them a 
similar ornament to that I have observed in those specimens which were obtained at 
Drummuck. 


Genus Palzxoneilo, Hall, 1885. 


Palzxoneilo, Hall, 1885, Geol. Surv. New York, Pal., vol. v., pt. i., Lamell., i1., p. xxvii. 
» Hind, 1900, Q./.G.8., vol. lvi. p. 46. 
+ 5 1904, Mono. Brit. Carb. Lamell. (Pal. Soc.), p. 140. 

Generic Characters.—‘ Nuculiform shells, transversely ovate or subelliptical, the — 
posterior end often subrostrate, well or more or less defined sulcus along the umbonal 
slope. Surface marked with strize of growth, which are often lamellose and elevated ; 
into concentric ribs. Hinge furnished with a row of regular small transverse teeth, 
which is sometimes interrupted beneath the beak by a change in the direction of the — 
teeth or by several oblique teeth. Ligament external, contained in a shallow and 
narrow groove along the cardinal border. Muscular scars not strongly impressed, 
situated below the extremities of the hinge line. Pallial line simple.” 

I have quoted Hatu’s diagnosis, and would refer to my monograph, op. supra cit., 2 
for a discussion on the subject. 


Palxoneilo antiqua, sp. nov. (Pl. IIL, fig. 28.) 


Specific Characters.—Shell small, inequilateral, transverse, elliptical. Anterior end 
broad, posterior narrowed, shell compressed. Anterior margin rounded; the inferior — 
very convex, the segment of a larger circle than the anterior border. The posterior 
border narrow, bluntly rounded. The hinge line arched, the posterior portion sloped 
downwards rapidly. The umbones are obtuse, narrow, directed forwards and incurved, 
placed very far forwards. There is a very broad and deep escutcheon, separated from 
the dorsal slope by a raised, erect, narrow ridge. 

Interior.—Not observed. 

Kxterior.—Surface without any ornaments. The periostracum appears to have 
been thick. | 

Dimensions.—Fig. 28, Pl). II]., a left valve, measures: antero-posteriorly, 16 mm. ; 
dorso-ventrally, 10 mm. , 
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Locality.— Woodland Point, Middle Llandovery. 

Observations.—I have referred this shell provisionally to Paleoneilo, on account of 
the deep and well-marked escutcheon and the smooth surface. If I am right, this 
species differs from many others in having no fold posteriorly below the dorsal slope. 
The general shape of the shell is more like Ctenodonta; but the latter has no 
escutcheon. Nuculana has an escutcheon; but as far as I know the shell is always 
marked with fine but definite regular concentric lines. The material at my disposal is 
a single left valve, and it is to be hoped that more specimens may be obtained with a 
view of the hinge plate, that the true generic attinity of the species may be settled. 


Palzoneilo sinuatus, sp. nov. (Pl. IIL, figs. 26, 27.) 


Specific Characters.—Shell below medium size, transversely subquadrate, obliquely 
gibbose, with a well-marked oblique sinus, reaching from the umbo to the lower margin, 
marking off a very small anterior end from the rest of the valve. Posterior superior 
angle compressed. The anterior margin short, rounded, the inferior gently sinuous, the 
posterior broad and bluntly convex. The hinge line straight behind, arched and 
depressed in front. ‘The umbones are compressed, obtuse, and projecting over the 
small anterior end, which they overshadow, terminal. 

Interior.—Not exposed. 

Exterior.—The surface is ornamented with close, raised, concentric lines and rugee 
of growth. 

Dimensions.—Fig. 26, Pl. III., a right valve, measures : antero-posteriorly, 20 mm. ; 
dorso-ventrally, 13 mm. 

Localitves.—Middle Llandovery of Woodland Point; Middle Bala of Whitehaven 
Bay and Shalloch Mill. 

Observations.—I doubtfully refer this species to Palxoneilo, chiefly on account of 
the sinuate form of its posterior end. Unfortunately, no details of the interior are 
exposed. Six specimens are in the Gray Collection, four of which are labelled 


“ Woodland Point.” 


Genus Clidophorus, Hall, 1847. 


Cucullea, Sowerby, 1839, Silurian Syst., pt. ii. p. 602, pl. iii. figs. 16, 12a, 0. 
Clidophorus, Hall, 1847, Pal. New York, vol. 1. p. 300. 

M‘Coy, 1855, Brit. Pal. Foss., p. 273. 

Miller, 1889, North Amer. Geol. and Pal., p. 471. 

Ulrich, 1897, Geol. Minnesota, vol, iii., pt. ii., Pal., p. 606. 


bel 
bP) 


” 


Generic Characters.—Shell transverse, compressed, oblong, obliquely gibbose, 
equivalve, inequilateral. Umbones small in the anterior third of the valve. 
Apparently no lunule or escutcheon. 


Interior.—Hinge edentulous; a vertical process passes downwards from the hinge 
TRANS. ROY. SOC. EDIN., VOL. XLVII. PART III. (NO. 18). 77 
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plate, dividing off the exterior adductor muscle scar from the rest of the valve. — 
Surface smooth or not fine concentric lines of growth. 
Observations.—Hatu's name is prior to any others, and must stand. M‘Coy 
(op. supra cit.) says: ‘‘Kine’s genus Pleurophorus, I find from examination of — 
authentic specimens to be exactly equivalent to Clidophorus.” This surely must be 
an error, as Plewrophorus is a shell with a well-marked hinge plate which has strong 
cardinal teeth, and does not possess the peculiar form of internal plate described by 
Hatt in Clidophorus. Cucullella, M‘Coy, 1848, and Nuculites, Conrad, 1841, probably 
synonymous, denote a genus which, although it possesses the clavicular plate of 
Clidophorus, has a multidenticulate hinge, and therefore must differ from that genus. 


Clidophorus planulatus, Conrad, sp:, 1841. (Pl. IV., fig. 15.) 


Nuculites planulatus, Conrad, 1841, Ann. Rept., p. 48. 
Cleidophorus _,, Hall, 1847, Pal. New York, vol. i. p. 300, pl. Ixxxii. figs. 9a-e. 
Clidophorus _,, M‘Coy, 1855, Brit. Pal. Foss., p. 273, pl. i. k. fig. 9. 


Specific Characters.—Shell subelliptical, very moderately convex, broader in front 
than posteriorly. Anterior margin elliptical, inferior slightly convex, posterior 
obliquely truncate or bluntly curved. Hinge line somewhat arcuate. Umbones 
small, incurved, pointed, placed immediately in front of the centre. Valves uniformly 
curved, 

Interior.—Immediately in front of the umbo is a fine oblique rib, which leaves a 
groove in casts, which extends one-third the distance across the valve. 

Hxterior.—Surface almost smooth. 

Dimensions.-—Fig. 15, Pl. IV., a left valve, measures: antero-posteriorly, 11 mm. ; 
dorso-ventrally, 8 mm. 

Localities.—Scotland: Middle Bala Beds, Shalloch Mill. Wales: Golden Grove, 
Llandeilo. | 

Observations.—A single example of this species occurs in the Gray Collection, from 
the Middle Bala. It shows the characteristic process in front of the umbo, which 
distinguishes the genus. Nuculites also has a similar process, but in this genus 
the hinge is furnished with numerous transverse narrow teeth, of which I can see 
no trace in the Scotch specimen. The species is not uncommon in the Utica Sla 
and Hudson River group of North America. M‘Coy has recorded the species 
from Llandeilo. 


Genus Cardiomorpha, de Koninck, 1842. 
For synonymy, see Hind, Carboniferous Lamellibranchiata (Pal. Soc.), 1898, p. 256. 


Generic Characters.—Shell equivalve, inequilateral, gibbose, of obliquely roun 
or subquadrilateral shape. The umbones are swollen and elevated, with the be 
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markedly prosogyrous. lLunule absent. The hinge plate is edentulous, the ligament 
small and external. ‘The muscle scars are shallow, and the pallial line entire. Shell 
thin, either ornamented with fine, regular, concentric lines, or smooth. ULricu (final 
Rep. Geol. Surv. Minnesota, vol. iil. p. 575) has established the genus Plethocardia 
for Lower Silurian shells having the external characters of Cardiomorpha. It seems to 
me very questionable whether this genus is necessary. 


Cardiomorpha prisca. (Pl. V., figs. 1, 1a.) 


Specific Characters.—Shell small, very oblique, very inequilateral, gibbose. The 
anterior end very small and narrow, overhung by the prosogyrous umbones, its margin 
rounded. The inferior border descends downwards and backwards, and is almost 
straight.. The posterior end broad, its margin bluntly rounded. The hinge line 
arcuate ; the umbones large, gibbose, raised, and markedly prosogyrous, so that they 
project some distance in front of the anterior end. No lunule or escutcheon, but a 
groove behind the umbo parallel to the hinge plate, for the external ligament. 

Interior.—Not examined. 

Eaterior.—The surface in the umbonal region is smooth, but near the lower margin 
are some irregular sulci and lines of growth. 

Dimensions.—Fig. 1, Pl. V., measures: antero-posteriorly, 18 mm.; dorso- 
ventrally, 13 mm. 

Locality.—Vhe Llandeilo series of Ardmillan. 

Observations.—I consider this shell to be very typical of the genus Cardiomorpha. 
The characteristic groove for the ligament is apparent. The specimen has evidently 
been somewhat crushed along the dorsal slope, and the ridge in that region is evidently 
adventitious. 


Genus Hdmondia, de Koninck, 1843. 
For synonymy, see Hind, 1899, Brit. Carb. Lamell. (Pal. Soc.), p. 286. 


Generic Characters.—Shell transversely ovate, equivalve, close all round, convexly 
swollen. Hinge edentulous, simple, erect, possessing a transverse, deeply situated, 
thickened ridge, separated from the edge of the valve by a smooth groove. No lunule 
or escutcheon. 

Observations.—The shells of this genus are in shape regular and featureless, and 
have, as a rule, a simple ornament of more or less rugged concentric lines of growth. 
In one group there are distinct sulcations, separated by concentric ridges, which may be 
acute or rounded. 

I have provisionally referred three species of Ordovician shells to this genus; one, 


FE. silurica, has much the same external ornament as the Carboniferous species 
E. Maccoyi. 
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Edmondia silurica, sp. nov. (Pl. V., figs. 2-4.) 


Specific Characters.—Shell triangularly subcireular, moderately gibbose, posterior 
portion a little larger than the anterior. The anterior inferior and posterior margins form 
an almost circular curve. Hinge line arched. Umbones small, subcentral, elevated, 
incurved. The valve is regularly tumid from above downwards and before backwards. 

Interior.—Hinge plate bears an internal, semicircular plate which leaves an impres- 
sion in casts. Adductor muscle scars normal. 

Exterior.—The surface is ornamented by numerous (14) almost equidistant, raised, 
narrow concentric ridges, separated by broader shallow grooves. 

Dimensions.—Fig. 3, Pl. V., a left valve, measures: antero-posteriorly, 7 mm. ; 
dorso-ventrally, 5 mm. 

Locality.—Scotland : Llandeilo beds, Dowhill, Ardmillan. | 

Observations. —Fortunately, one specimen showed the cast of the hinge plate, making 
the generic relationship clear. This species has a marked similarity to Hdmondia 
Maccoyi of the Carboniferous rocks, but the latter is somewhat more quadrate in form. 
The ornament is very similar. . selwrica seems to be not uncommon in the Gray 
Collection. 


Edmondia simplex, sp. nov. (Pl. V., figs. 5—7a.) 


Specific characters.—Shell small, ovate, moderately convex, inequilateral. The 
anterior end short and compressed, margin regularly rounded. ‘The inferior margin — 
broadly convex, the posterior almost elliptical. The hinge line very slightly arcuate. 
Its umbones are erect, pointed, directed slightly forwards, not contiguous, and placed at 
the junction of the anterior and middle thirds of the hinge plate. The dorsal slope is— 
convex, gradually compressed. There is an obscure oblique ridge and suleus which 
extends from the umbo to the lower border in the anterior part of the valve. 

Interior.—Hinge plate edentulous. The anterior adductor muscle scar is small, and — 
placed immediately within the anterior superior angle, and is separated from the cavity _ 
of the umbo by a thick ridge of shell. 

Exterior.—The surface is ornamented by fine, close, concentric lines and strize of 
growth, interrupted in front as they pass over the oblique groove. ' 

Dimensions.—Fig. 7, Pl. V., measures: antero-posteriorly, 17 mm.; dorso-— 
ventrally, 13 mm.; from side to side, 7 mm. ¢ 

Locality.—The Llandeilo series of Ardmillan ; Shalloch Mill, Middle Bala ; Mulloch 
Hill, Lower Llandovery ; ? Woodland Point, Middle Llandovery. | 


horizons to this species. The best material consists of two specimens from Ardmil 
one of which is a cast of the interior. ‘lhe valves were close, without escutcheon or 
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lunule, and apparently edentulous, with a thickened hinge plate, and on these grounds 
I have referred the shells to Hdmondia. ‘The absence of any ridges or external moulding, 
and the simple character, agree with Hdmondia rather than with any other genus. 


Edmondia antiqua, sp. nov. (Pl. V., figs. 8-10.) 


Specific Characters.—Shell small, transversal, oval, regularly gibbose. The anterior 
end rounded, the inferior margin broadly convex, the posterior rounded. ‘The hinge 
line gently arcuate. The umbones small, blunt, slightly raised, incurved, placed at the 
junction of the anterior and middle thirds of the hinge line. 

The valve is without ridge, and is regularly convex from above downwards and 
before backwards. 

Interior.—The hinge plate is normal ; a groove is seen in casts for the characteristic 
umbonal plate, long and deep; anterior adductor muscle scar large, deep, and round ; 
posterior shallow and large, both normal in position. 

Exterior.—The surface is ornamented with regular concentric ruge and undulations 
of growth. 

Dimensions.—Fig. 8, Pl. V., an internal cast of the right valve, measures : antero- 
posteriorly, 13 mm. ; dorso-ventrally, 8 mm. ; elevation of valve, 3 mm. 

Localities.—Llandeilo beds of Ardmillan, Dowhill, and Craighead. 

Observations.—Five specimens in the collection I refer to this species. One of 
them (Pl. V., fig. 8) is a cast of the interior, which shows the internal characters of 
Edmondia. The internal plate characteristic of the genus was well developed in the 
Ordovician representatives of the genus. ‘The species has the simple, regular, featureless 
characters of many of the species of the genus. 


Genus Slava, Barrande, 1881. 


Cardiola, Sowerby, 1839, Sil. Syst., p. 617. 
Slava, Barrande, 1881, Syst. Sil. de la Bohéme, vol. vi p. 154. 
Tiariconcha, Frech, 1891, Devon., S. 251. 
5 Beushausen, 1595, Die Lamell. des rheinischen Devon., p. 318 (Abh. Konigl. Preuss 
Geol. Landesanstalt, N.F¥., Heft xvii.). 


Generic Characters.—Shell ovate, acute. Umbones acute, slightly prosogyrous. 
Hinge line short and arched. Ornament consists of flat, broad, concentric, convex folds 
and grooves in the young part of the shell, but of fine radiating lines in the lower or 
older posterior. 

Observations.—FRECH separated the group of Cardiola fibrosa, Sow., under the 
name of Tiariconcha (supra cit.), and referred certain Devonian forms to that genus. 
BeusHavsEN followed him, and described three species (op. supra cit.). Reference to 
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the shell figured by him, Tiariconcha scalariformus (pl. xxxviii. fig. 1), from the Upper 
Middle Devonian of Martenberg, shows a very close resemblance indeed between the 
Ordovician and Devonian species. 

BaRRANDE'S genus Slava has the precedence of date, and must therefore stand. 

He refers Sowersy’s Cardzola fibrosa to the genus, and figures it and one other 
species, S. bohemica, both from Stage E of the sequence he established for Central 
Bohemia. 


Slava fibrosa, Sow., 1839. (PI. V., figs. 17-19, 19a.) 


Cardiola fibrosa, Sow., 1839, Sil. Syst., p. 617, pl. viii. fig. 4. 

Mytilus semirugatus, Portlock, 1843, Rep. Geol. Londonderry, p. 430, pl. xxv. A, fig. 7. 
Cardiola a M‘Coy, 1855, Brit. Pal. Foss., p. 282. 

Slava Ap Barrande, 1881, Syst. Sil. de la Boheme, vol. vi. p. 154. 


Specific Characters.—Owing to the crushed condition of all specimens, the shape 
cannot be determined from them. They all show remains of medium-sized shells which -_ 
have few concentric sulci and ridges in the upper half, and a finely radially striate — 
portion below, the latter being of much greater extent. The umbones were pointed. 
The concentric ridges are often composed of two close portions separated by a fine 
linear groove. 

Dimensions cannot be given, owing to the imperfection of the specimens. 

Locality.—Bargany Pond Burn and Penkhill, said to be Upper Llandovery. 

Observations.—Slava fibrosa is a very peculiar shell, easily recognised by the 
characteristic ornament of transverse sulci above and fine radiating strie below. — 
Good figures are given in the Silwrian System (op. supra cit.). If not identical, the — 
Bargany examples are closely allied. ‘The peculiar reduplication of the concentric 
ridges is not shown in the drawings of previous writers, but I doubt whether this 
character is more than a variation of growth. 7 

Morcuison stated that this shell was a Lower Ludlow species (Sdurva, 3rd ed., p. 255). 
SowERBy stated that C. fibrosa was one of two species “very characteristic of the 
lower members of Upper Silurian rocks over wide tracts.” The list of fossils from the 
Silurian rocks of the South of Scotland in the Fauna, Flora, and Geology of the Clyde 
Area compiled for the Meeting of the British Association, quotes the species as occurring 
at Penwhapple and Straiton (p. 437) ; but in the same work, at pp. 425 and 429, Straiton 
is referred, in the tables of strata, to the Wenlock series, and Bargany to the Tarranon 
series. As M‘Coy points out (op. supra cit.), the radiating strize can be traced in some 
specimens to the umbo, but they are almost obsolete on the ridges and practically 
absent in the sulci. M‘Coy’s work may be referred to for a complete description of the 
species. “< 
It has occurred to me that the peculiar figures of Mytilus semirugatus, Portlock 
(op. cit.), may belong to this species, 
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Genus Dualina, Barrande, 1881. 


Lunulicardium, Salter, 1861, Mem. Geol. Surv, Gt. Brit., “Geol. Neighbourhood Edinburgh,” 
p. 139. 

Dualina, Barrande, 1881, Syst. Sil. du centre de la Boheme, i? partie, vol. vi. p. 77. 

Beushausen, 1895, Abh. Konigl. Preuss. Geol. Landesanstalt, Neues Folge, Heft xvii. p: 298. 


Generic Characlers.—Shell inequivalve, inequilateral, triangularly ovate. The 
anterior end the larger. The umbones raised, unequal, and not opposite or contiguous. 
A blunt ridge or rounded swelling passes from the umbo downwards and backwards. 

Interior.—Unknown. 

Eaterior.—A. well-marked ornament of more or less close radiating ribs seems to be 
present in all species. 

Observations.—The curiously shaped shells described by BarranpE under the 
name Dualina are only known by their external characters. He states that there are 
three principal characters which distinguish the genus :-— 

1. The inequality of the valves, though it seems that it is sometimes the right and 

sometimes the left which is the more gibbose. 

2. The inequality of the umbones of the two valves; this is naturally a corollary 

of No. 1. 

3. The more gibbose valve is inclined towards one side. 

Unfortunately, there are only two shells in the collection which can be referred to 
the genus, and these are single valves, so that nothing more is to be learned of the 
characters of the genus from the material at hand. 


Dualina elegans, Salter, sp., 1861. (Pl. IV., fig. 23.) 


Lunulicardium elegans, Salter, 1861, Mem. Geol. Surv. Gt. Brit., “Geol. Neighbourhood Edinburgh,” 
p. 139, pl. ii. fig. 10. 

Specific Characters.—Shell small, moderately compressed, triangular. The posterior 
end small and adpressed. ‘The anterior and lower borders rounded; the posterior 
obliquely truncate. The hinge line apparently short and arched. The umbones are 
raised, pointed, subcentral. Passing from the umbo to the postero-inferior angle is an 
acute angular ridge, separating a compressed and flattened dorsal slope from the rest of 
the valve. The interior is not exposed. 

Exterior.—The surface is ornamented by numerous fine, regular, radiating ridges, 
which are almost obsolete on the flattened dorsal slope. Here and there these ridges 
are crossed by rugze and lines of growth. 

Dimensions.—Fig. 23, Pl. I[V., measures: antero-posteriorly, 16 mm.; dorso- 
ventrally, 15 mm. 

Locality.—The Upper Llandovery of Penwhapple Glen, Graptolites priodon bed. 

Observations.—Sa.TER’s species has a strong resemblance to D. secunda, Barrande, 
from Stage Hin Bohemia. A single specimen occurs in the Gray Collection, a right valve, 
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and unfortunately it is not well preserved in the umbonal region; but it shows the 
peculiar dorsal slope of the genus, and has the characteristic ornament. 
SALTER’S type was obtained from Deerhope, a locality assigned to Upper Ludlow beds. 


Genus Cypricardinia, Hall, 1859. 


Cypricardinia, Hall, 1859, Geol. Surv. New York, Pal., iii. p. 266. 
e » 1885, zbid., vol. v., pt. i., Lamell., ii., pt. ii., p. xlvii. 
a Miller, 1889, NV. Amer. Geol. and Pal., p. 475. 

Generic Characters.—Shell inequivalve. The right valve more convex, very 
inequilateral; subrhomboid, obovate or sometimes trapezoidal, wider posteriorly. 
Anterior end short, declining from the beaks and rounded below. Posterior end wider 
and obliquely truncate. Beaks subanterior, incurved and adpressed. Umbo of the 

right valve often prominent. Cardinal line straight or arcuate, rising from the beaks. 
Umbonal slope prominent, often obtusely angular. ) 

Surface marked by strong concentric lamellose undulations with intermediate” fine — 
striz of growth, and in some species by radiating strize, which are interrupted at the 
outer margin of the lamella. The valves are crossed obliquely by a shallow byssal — 
sinus. 

Hinge line marked by a long fold or lateral tooth in one valve. Cardinal teeth not 
determined. Ligament external, strong, leaving in the cast a deep elongate groove. — 
Anterior muscular impression small, situated just within the anterior margin of the 
shell. Posterior muscular impressions large and strong, situated on the cardinal and — 
umbonal slope, a little behind the middle of the length. Pallial lines parallel with the 
margin of the shell. 

Observations. —I have quoted Hall’s 1885 description at length (op. supra cit.), 
as I had only a single fragment to study. This fragment evidently, from its sculpture, 
agrees more closely with Cypricardima than with any other genus. 


Cypricardima lineata, sp. nov. (Pl. V., fig. 20.) 


Specific Characters.—Shell small, transversely subrhomboidal, almost equilateral. 
Anterior end rounded, its upper angle produced. Hinge line and superior borders 
subparallel ; posterior border obliquely truncate. The umbones are moderately gibbose, 
subcentral, dorsal slope compressed. 

Interior.—Not known. “ 

Exterior.—The surface is ornamented with distinct parallel, concentric, raised, 
equidistant ridges. 

Dimensions.—Fig. 20, Pl. V., a left valve. measures : antero-posteriorly, 10 mm. ; 
dorso-ventrally, 5 mm. 

Locality.—Ardmillan, Llandeilo series. 

Observations.— Unfortunately, the material on which I have been obliged to foun 
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this species is a distorted left valve, not altogether free from matrix ; but the sculpture 
of the valve is so remarkable that the account could not be omitted. I suppose the 
specimen to be a left valve, in which case the forward projection of the antero-superior 
angle, as shown by the curvature of the lines of the ornament, is a very curious 
feature. 

The shell has much the same ornament as C. planulata, Conrad, described by SaLTER 
from the Lower Ludlow rocks of Dudley (Mem. Geol. Surv. Gt. Britain, vol. ii, pt. i., 
p. 349, pl. xxiii. figs. 2, 3, 4). 


Genus Dexiobia, Winchell, 1863. 


Dexiobia, Winchell, 1863, Proc. Acad. Nat. Se. Phil., p. 10. 
ss Miller, 1889, V. Amer. Geol. and Pal., p. 478. 

Generic Description.—“ It is inequivalve, inequilateral, beaks separated by an 
undefined area. Right valve very ventricose, with a very prominent umbo, and a 
produced, incurved beak, inclined forwards. Left valve much less inflated, with a 
less prominent beak, scarcely elevated above the dorsal margin. Hinge line more or 
less extended, straight or slightly bent, edentulous? furnished with a thickened 
cartilage plate bearing a linear posterior groove.” 

Observations.—WINCHELL erected this genus for two species which came from 
the Yellow Sandstone beneath the Burlington group of lowa, Lower Carboniferous. I 
have quoted his description in its entirety. Haiti (Geol. Surv. New York, Pal., vol. v., 
pt. i, Lamell., ii. p. xxxvii,) suggests that Deaiobia is a synonym of Cardiopsis, 
Meek and Worthen, 1861. But the latter is said to be equivalve, and for the present 
I retain Dexiobia. Hatt considers Dualina, Barrande, 1881, to be congeneric with 
Dexiobia, which must be replaced by the earlier species. The affinities of Deaobia 
cannot be discussed without further material, but Dwalina has not such a well-marked 
umbo, and has a different habit of growth. 


Dexiobia elegans, sp. nov. (Pl. IV., figs. 28, 28a, 29.) 


Specific Characters.—Shell of moderate size, obliquely gibbose, ovate, acute, very 
inequivalve. ‘The anterior end is short and low, its margin rounded. ‘The inferior 
border is very regularly convex. The posterior border curved. ‘The hinge line arched. 
The umbones are erect, elongate, acutely pointed, and twisted forwards, widely 
separated and placed anteriorly. The valve is regularly convex. The area wide, but 
not marked off by any definite line. No lunule or escutcheon. 

Interior.—The hinge line is plain, no cardinal teeth, a single posterior lateral 
tooth. ‘The adductor scars have not been exposed. 

Exterior.—The surface is almost smooth, but towards the margin obscure, regular, 
radiating lines are to be seen there, marked anteriorly. 

Dimensions—Fig. 29, Pl. IV., measures: antero-posteriorly, 25 mm.; dorso- 


ventrally, 26 mm.; elevation of valve, 5 mm. 
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Localities. —Penkhill, Upper Llandovery ; Mulloch Hill, Lower Llandovery. 

Observations.—There are three specimens in the collection which I refer to this 
genus provisionally. They resemble the figure of the type very closely as to general 
contour and size. Unfortunately, no details of the interior are exposed. 


Genus Orthonota, Conrad. 


Orthonota, Conrad, 1841, Geol. Surv. New York, Pal. Dept. Ann. Rep., p. 50. 

Orthonotus, pars, M‘Coy, 1855, Brit. Pal. Foss., p. 274. 

Orthonota, Hall, 1885, Geol. Surv. New York, Pal., vol. v., pt. ii., Lamell., ii., p. xlv. 
- Miller, 1889, NV. Amer. Geol. and Pal., p. 497. 

Generic Description. —‘‘ Equivalved, profoundly elongated. Hinge and _ basal 
margins straight and parallel. Beaks near the anterior extremity ; posterior extremity 
truncated.” 

Observations.—The above is Conrap’s original description, quoted by Hat 
(op. supra cit.). Unfortunately, the hinge characters are still unknown, and little is — 
known of the interior. The type is Orthonota undulata. 

M‘Coy has included in the genus Goniophora cymbeformis, which has very — 
different characters, the strongly keeled shell differing very strongly from the typical 
forms of Orthonota. ae 

The true generic aftinity of the genus cannot be discussed until details of the hinge 
plate are to hand; but it seems to me to have a close relationship with some forms — 
of Sanguinolites, e.g. S. plicatus. The genus is represented in the Devonian rocks of 
North America by more than a dozen species. 


Orthonota imornata, Phillips, 1848. (Pl. V., fig. 21.) 
Orthonota inornala, Phillips, 1848, Mem. Geol. Surv. Great Britain, vol. ii., pt. i, p. 362, pl. xix. fig. 3. 


Specific Characters.—Shell transverse, narrow, very inequivalve. Dorsal and 
ventral margins subparallel. Anterior end narrow, produced, its margin rounded, 
forming an angle with the hinge line. The posterior end expanded and compressed, its 
border truncate and oblique, making an obtuse angle with the hinge line. The umbones 
are small, elongate, ridged, slightly raised, and situated in the anterior third of the shell. 

Proceeding from the umbo to the margin just in front of the rounded postero- 
inferior angle, is a well-marked angular ridge, which gradually becomes obsolete as it 
crosses the valve. The dorsal slope is hollow, and the anterior narrowed by a broad 
sulcus. | ; 

Interior.—Unknown. : 

EKxterior.—The surface is ornamented with numerous very fine, close, concentric 
lines, which run parallel with the margins. ; 


dorso-ventrally, 14 mm. 
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Locality.—Scotland : Star-fish bed, Upper Bala. Wales: Marloes Bay. 

Observations.—Unfortunately, the specimen in the Gray Collection is crushed 
immediately posterior to the umbo; the posterior end is foreshortened and expanded. 
I have, however, very little doubt that it belongs to Puruiips’ species. Marloes Bay 
is stated (op. swpra cit.) to belong to the middle part of the Llandeilo series. 

O. inornata is much more transverse and has a more distinct linear ornament than 
O. nasuta. 


Orthonota nasuta, Conrad, sp., 1841. (Pl. V., fig. 22.) 


Cypricardites nasutus, Conrad, 1841, Ann. Rep. New York, p. 52. 

5 f Emmons, 1842, zbid., p. 403, fig. 4. 
Modiolopsis nasutus, Hall, 1847, Pal. New York, vol. i. p. 159, pl. xxxv. fig. 7. 
Orthonotus nasutus, M‘Coy, 1855, Brit. Pul. Foss., p. 275, pl. 1. fig. 23. 


Specific Characters.—Shell narrow, elongate, very moderately convex, superior 
and inferior margins subparallel. The anterior end, much narrower than the rest of the 
shell, has an elliptical margin. ‘The posterior end somewhat expanded, its margin bluntly 
rounded. The umbones are small, situated at the anterior fourth of the hinge line. 

Intervor.—Unknown. 

Exterior.—The surface is ornamented with concentric lines and ruge of growth, 
some of which are strong enough to merit the term subimbricating. 

Dimensions.—Fig. 22, Pl. V., a right valve, measures : antero-posteriorly, 18 mm.; 
dorso-ventrally, 7 mm. 

Locality. —Scotland: Llandeilo beds, Dowhill. England: Caradoc Sandstone, 
Horderly West, Shropshire. ; 

Observations.—This species has been figured and described by M‘Coy from a 
British locality, in the Caradoc Sandstone, a somewhat higher horizon than that whence 
the Scotch specimen was obtained. Hatt states of his specimens, one about the same 
size as the Scotch: “This is probably the young of the species which appears in the 
Hudson River group, where it has attained a much greater magnitude.” M‘Coy’s 
specimen was 32 mm. long. 


Genus Orthodesma, Hall and Whitfield, 1875. 


Orthodesma, Hall and Whitfield, 1875, Rep. Geol. Surv. Ohio, vol. ii., pt. ii., Pal., p. 92. 
= Miller, 1889, V. Amer. Geol. and Pal., p. 497. 


Generic Characters.— More or less elongate bivalve shells having the hinge line 
straight and generally extended posterior to the beaks, but contracted or bent beneath 
or anterior to them. Hinge plate apparently edentulous. Valves united by an 
external ligament extending to a greater or less distance along the posterior cardinal 
margin. Posterior muscular scar elongate, ovate, anterior scar small, both faintly 
marked. Pallial line simple. Shells thin, marked externally with irregular concentric 
plice. Type, Orthodesma recta.” 
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Observations.—It seems to me that Saursr’s shell, Mytilus platyphyllus, may be con- 
veniently placed in this genus, the character of which I have quoted from the original 
source (op. supra cit.). Probably the genus is not far removed from Orthonota ; but 
it is more modioliform and obliquely gibbose. The American species come from the 
Hudson River group, on the upper portion of the Lower Silurian of North America. 


Orthodesma platyphyllus, Salter, 1848. (Pl. V., fig. 23.) 
Mytilus platyphyllus, Salter, 1848, Mem. Geol. Surv. Gt. Britain, vol. ii., pt. 1., p. 364, pl. xx. 
figs. 13, 14. 

Specific Characters.—Shell transverse, very inequilateral, narrow in _ front, 
expanded posteriorly. The anterior end is depressed and prolonged, almost elliptical. 
The inferior border is elongate, sinuous, concave in front and convex posteriorly. 
The posterior border is obliquely truncate, the postero-superior angle obtuse, 
the postero-inferior very bluntly rounded. The hinge line is depressed in front, 
straight and elevated posteriorly. The umbones are small, compressed, very slightly 
raised, anterior. Passing obliquely from the umbo to the postero-inferior angle is a 
well-marked oblique ridge separating the broad expanded and compressed dorsal slope 
from the body of the valve. Anterior to this ridge, the valve is compressed, very 
broadly so towards the inferior border. 

Intervor.—Not exposed. 

Exterior.—The surface is ornamented with fine, close, concentric lines of growth. 

Dimensions.—Fig. 23, Pl. V., measures: antero-posteriorly, 33 mm.; dorso- 
ventrally, 17 mm. at the posterior end. 

Locality.—Lower Llandovery, Craighead. South Wales: Trichrug, Llangadoe. 

Observations. —Sa.vrer’s two figures differ considerably from each other, and it is 
the first (fig. 13, op. supra cit.) that I consider the Scotch specimen resembles. It is 
much smaller, but otherwise has the same characters. A single specimen, the right 
valve, is in the Gray Collection. 


Genus Goniophora, Phillips, 1848. 


Goniophora, Phillips, 1848, Mem. Geol. Surv. Gt. Britain, vol. iii., pt. 1., p. 264. 
Orthonotus, M‘Coy, 1855, Brit. Pal. Foss., p. 274. 
Goniophora, Barrande, 1881, Syst. Sil. du Centre Boheme, p. 82. 
ns Hall, 1885, Geol. Surv. New York, Pal., vol. v., pt. i., Lamell., il, p. xxiii. 
Beushausen, 1895, Abh. Kénigl. Pruss. Geol. Landesanstalt, Heft xvii., Die Lamell. 
des rheinischen Devon., p. 196. 


” 


Generic Description.—Shell equivalve, very inequilateral, rhomboidal or 
trapezoidal; anterior end short, narrow, and rounded; posterior expanded, obliquely 
truncate, and almost straight. Umbones small, much incurved and twisted forwards, 
placed anteriorly. From the umbo a strong carinate ridge passes downwards and 
backwards to the postero-inferior angle, dividing the shell into two compressed portions 
which meet along this ridge. The dorsal slope is hollowed. A well-marked escutcheon. | 
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Interior.—The hinge plate has a strong oblique tooth in the left valve, with a 
corresponding pit in the right valve. No lateral teeth. Anterior adductor scar deep 
and rounded, almost marginal. The posterior less well marked. A strong process 
posterior to the anterior adductor scar, leaving an elongate slit in casts, as in 
Clidophorus. Pallial line entire. 

Exterior.—Surface ornamented with fine concentric lines of growth. 

Observations.—PHILLIPs, discussing the relationship of some palzeozoic shells to the 
Mytilide, speaking of Cypricardia cymbexformis, says: ‘If, as I suppose, C. 
cymbxformis be distinct generically and include species of the Mountain Limestone, 
the name Gonophora seems suitable. It is, however, doubtless a mytiloid shell.” 
Haut adopted Pui.uips’ proposal, and the type is to be regarded as C. cymbxformis. 
I was unable to find a single tooth in the Carboniferous forms, and invented the genus 
Mytilomorpha to receive them, Brit. Carb. Lamell., p. 338, where I have discussed 
the systematic position of Gomophora at length. M‘Coy refers Cypricardia 
eymbeformis to Orthonotus. Conrapd does not seem to have noticed PuHILuips’ 
proposal to place it as the type of a new genus. 


Goniophora antiqua, sp. nov. (Pl. IV., figs. 24-27.) 


Specific Characters.—Shell transverse, strongly carinate, oblique. Postero-inferior 
angle produced and pointed. Anterior end small, its margin rounded. Inferior border 
slightly convex. Posterior border oblique, straight, making angles with the upper and 
lower margin. Hinge line straight, short, and erect posteriorly. Umbones, anterior 
almost terminal, incurved, and somewhat prosogyrous, contiguous. Proceeding from 
the umbo to the postero-inferior angle is a strong angular ridge along which the shell 
is bent on itself so that the posterior slope is placed at an angle with the rest of the 
valve. In front and below the ridge is two-thirds of the shell, which is very gently 
convex, and shows only slight indication of any constriction. The dorsal slope is 
rapidly compressed and flattened. ‘There appears to be an escutcheon, marked off by 
a shallow curved line on each side of the raised hinge. 

Intervor.—Hinge not seen. Muscle scars normal. 

Exterior.—The lower and anterior part of the valve is almost smooth, but the 
triangular depressed dorsal slope is covered by regular, equidistant, close, raised lines, 
parallel to the posterior margin. 

_ Dimensions.—Fig. 24, Pl. IV., measures: antero-posteriorly, 18 mm.; dorso- 
ventrally, 7 mm.; from side to side, 9 mm. 

Locality.—Scotland: Llandeilo beds, Ardmillan; Penkhill, Upper Llandovery ; 
Woodland Point, Middle Llandovery. 

Observations.—There are four specimens of this species in the Gray Collection. It 
differs from G'. cwrinata, Hall, sp., from the Trenton Limestone, in possessing a much 
less produced anterior end, and has an obsolete byssal sinus. 


540 DR WHEELTON HIND ON 


It differs from G. cymbexformis of the Ludlow beds in the absence of ornament on 
the valve below and in front of the strong oblique keel, and in being much less 
transverse. 


Genus Grammysia, de Verneuil, 1847. 


Grammysia, de Verneuil, 1847, Bull. Soc. Géol. France, 2nd ser., vol. iv. p. 696. 
Orthonota, pars, Salter, 1848, Mem. Geol. Surv. Gt. Britain, vol. ii., pt. i., p. 359. 
Grammysia, Hall, 1885, Geol. Surv. New York, Pal., vol. v., pt. i., Lamell., pt. ii. p. 30. 


Generic Characters.—Shell equivalve, closed. Lunule and escutcheon well 
marked. Umbones anterior, and a compressed dorsal slope. Valves with an oblique 
sinus from the umbo to the lower margin, often with an oblique fold. | 

Interior.—Pallial line simple. Hinge plate edentulous. Adductor muscle scars 
faint. 

Exterior.—Ornamented with concentric grooves and sulci, which become obsolete 
on the dorsal slope. ; 

Observations.—Hat. gives a long account of the relations of the genus, and 
criticises SALTER, who considered G'rammysia as a subgenus of Orthonota. There can — 
be no doubt that the two genera are distinct. Saurer considered Allorisma is a 
synonym of Grammysia, and although the two genera are closely related, the former 
has not the oblique fold and grooves which characterise Grammysia, and it has a 
sinuate pallial line, so that it is expedient for both genera to be retained. Hatu, 
writing of Grammysia, states (op. supra cit.) : “ Valves in the typical forms traversed — 
from the beak to the base by an oblique cincture and adjacent fold, which may be 
duplicate and are alternating in the two valves... . . Some species show the cincture 
developed in the upper part becoming obsolete before reaching the margin. Many 
forms show a broad cincture without an adjacent fold ; and in some species the cincture 
is indicated by a line of slight interruptions or irregularities in the concentric 
undulations ; other species have the surface continuous, without cincture or fold.” [ 
have doubts if shells without the distinctive character of the genus should be any 
longer retained in it. 4 


Grammysia undata, Sow., sp., 1839. (Pl. V., figs. 13-16.) 


Cypricardia? undata, Sow., 1839, Sil. Syst., p. 607, pl. v. fig. 3. 
Orthonota » Sow., 1859, Siluria, 3rd ed., pl. xxiii. fig. 4. 
" » 1901, Fauna, Flora, and Geol. of Clyde Area, Brit, Ass. Handbook, p. 4387. ; 


Specific Characters.—Shell of medium size, oblique, gibbose, very inequilateral, 


subearinate, transversely ovate. The anterior end is short and narrow, its margin 
rounded. ‘The antero-superior angle pointed. The inferior margin is markedly 
convex, somewhat sinuous anteriorly. ‘The posterior border is broadly obtuse be 
almost straight above. he hinge line is elongate and almost straight. ‘The umbon 


re 


are large, prominent, raised, twisted forwards, inwards, and downwards, and anterior in 
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position ; the lunule is large and excavated. The escutcheon well developed. Passing 
from the umbo to the postero-inferior angle is a rounded ridge which separates the 
convex and sulcated anterior part of the valve from the compressed and almost smooth 
dorsal slope. ‘The convex portion shows a very obscure oblique compression, which 
broadens and becomes more marked near the lower border. 

Interior.—The pallial sinus appears to be entire, and there is no shelly process 
posterior to the anterior adductor muscle scar. Hinge plate thin and linear posteriorly. 

Exterior.—The anterior two-thirds of the valve is ornamented with somewhat 
irregular, rugged, concentric folds and rugx, which, owing to the peculiar gibbosity of 
the valves, are oblique to the long axis of the shell. These rugz and sulci become 
obsolete on the dorsal slope. 

Dimensions.—Fig. 16, Pl. V., measures: antero-posteriorly, 35 mm.; dorso- 
ventrally, 17 mm..; thickness of valve, 6 mm. 

Localities—Bargany Point Burn, Penkhill, Cuddystone Glen, Camregan Wood, 
Upper Llandovery; Woodland Point, Newlands, Middle Llandovery ; Mulloch Hill, 
Lower Llandovery ; Star-fish bed, Upper Bala. 

Observations.—The material from which I have described the species is large in 
amount, but most of the examples are crushed into various strange shapes, and the 
various details have been gathered from several specimens, 

The appearance of the shell agrees closely with the figure of Cypricardia? undata, 
Sowerby, in the Silurian System. The figure is poor and description meagre. The 
Species is of interest because it shows the extinction of one of the most characteristic 
features of the genus Grammysia, t.e. the oblique fold and sulcus in the anterior part 
of the valve. But Hatt (Pal. New York, vol. v., pt. i., Lamell., vol. 1.) shows that 
both groups existed side by side in the Devonian beds of that State. The form of 
G. undat+ approaches closely to the Sanguinolites of the Carboniferous rocks, but seems 
to be distinctly separated by some internal characters, In shape and habit, S. omaliana, 
of the highest beds of the Carboniferous limestone of Derbyshire, has a close resemblance 
to the Ordovician shell. Sowersy referred this species to M‘Coy’s Orthonota in his 
second work; but Hatt points out (op. supra cit., pt. xxx., xxxi.) that Grammysia 
and Orthonota are quite distinct, which is undoubtedly the case. 

G. undata attained a much larger size than the measured example; but as all the 
more adult examples are crushed, the true dimensions could not be obtained. 


Grammysia scotica, sp. nov. (Pl. V., fig. 12.) 


Specific Characters.—Shell of moderate size, transversely rhomboidal, very 
inequilateral, moderately gibbose. The anterior end short, its margin rounded. The 
inferior border almost straight, the posterior border bluntly rounded. The hinge line 
almost straight. The umbones are small, raised, incurved, and placed far forwards, 
near the anterior end. lLunule and escutcheon_present, the latter separated from the 
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rest of the valve by an erect angular ridge. Passing from the umbo to the inferior 
border at the junction of the anterior and middle thirds of the valve is a deep, broad, 
oblique sulcus, becoming more marked as it approaches the margin. Posterior to this 
groove the shell is obliquely gibbose. ‘The dorsal slope is rapidly compressed and 
hollow. : 
Interior.—The anterior adductor muscle scar is very large andy placed close to the 
anterior margin. The posterior is inconspicuous ; pallial line entire. | 
Kexterior.—Apparently ornamented with concentric lines and strize of growth. 
Dimensions.—Fig. 12, Pl. V., measures: antero-posteriorly, 35 mm.; dorso- 
ventrally, 16 mm.; from side to side, 16 mm. 
Locality.—The Star-fish bed, Upper Bala. 
Observations.—A single specimen of this shell has been collected. It has many 
resemblances to G. cingulatus, Salter, but is at once separated by the absence of 
oblique ribs in the left valve and much shorter anterior end. The specimen which | 
figure is, however, the cast of the interior, and it is possible that the exterior of the 
valve had characters not indicated in the internal cast. 


Grammysia grandis, sp. nov. (Pl. V., figs. 11, 11a.) 


Specific Characters.—Shell of moderate size, transversely rhomboidal, gibbose, with — 
well-marked oblique ridge separating a compressed and hollowed dorsal slope from the 
rest of the valve. The anterior end is very short, curiously compressed by an 
oblique sulcus, its margin rounded. The inferior border is long, marked in the 
anterior half by two sinuations, nearly straight. The posterior border is nearly — 
straight, obliquely truncate above, bluntly rounded below. Postero-superior angle 
well marked, obtuse. The hinge line is almost straight and long, parallel with the — 
lower border. | 

The umbones are obtuse, continuous with the border of the lunule in front, so that — 
they appear to be continuous with the anterior border, incurved, contiguous, placed far 
forwards, deeply grooved by the deep sulcus, which passes downwards and somewhat 
backwards to the lower border. Lunule large ; escutcheon elongate and shallow, its 
margin a bluntly rounded ridge. 

Interior.—The adductor muscle scars are very inconspicuous. Pallial line appears 
to be entire. ~ 

Exterior.—The surface is ornamented with concentric ridges and sulci, somewhat 
irregular in size, which become almost obsolete on the dorsal slope, and are interrupted 
by the two oblique grooves on the surface of the valve. 

Dimensions.—Fig. 11, Pl. V., measures: antero-posteriorly, 65 mm.; dorso- 
ventrally, 33 mm. ; transversely, 33 mm. 

Locality.—The Star-fish bed, Upper Bala. “a 

Observations.—his is a large and beautiful shell, closely resembling the Al/orisma 
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variabilis of the Lower Carboniferous in shape, but differing from that shell in having 
the characteristic oblique grooves of Grammysia and an entire pallial line. 

The single specimen in the collection is nearly perfect and has both valves, which 
resemble each other in all details. 


Genus Conocardium, Bronn, 1835. 
For synonymy, vide Hind, 1900, Mono. Brit. Carb. Lamell. (Pal. Soc.), p. 449. 


Generic Characters.—Shell equivalve, very inequilateral, fusiform or triangular, 
compressed and truncated posteriorly so as to form a posterior surface. Cordiform 
and often concave, bisected by a median ridge formed by the closed edges of the valve, 
from the upper part of which springs the tubular rostrum in those species which possess 
it. Anterior end triangular and produced, gaping in front. The hinge line straight. 
_ Umbones small, pointed, incurved, often carinate posteriorly. An acute ridge passes 
from the umbo to the postero-inferior angle. Attached to the posterior margin is often 
a broad shelly process or flange. 

For internal characters vide op. supra cit. p. 451. 

Exterior.—The surface in front of the flange is ornamented with radiating ribs, 
often obscured by shell growth, and then almost smooth, with smooth concentric lines 
of growth. Shell thick. 

Observations.—Conocardium is represented in the Ordovician rocks of the West of 
Scotland by two species, very characteristic of the genus, showing that little or no 
development took place between Ordovician and Carboniferous times. Both the species 
have been previously described. : 

C. pristis, M‘Coy, has the shelly extension or flange to its posterior border so 
characteristic of C. hibernacum. I have been unable to find evidence of the rostral tube 
in either specimen, but it is easily left in the matrix, on account of its fragile nature. 


Conocardium pristis, M‘Coy, sp., 1846. (PI. V., figs. 24-26.) 


Pleurorhynchus pristis, M‘Coy, 1846, Sil. Foss. Ireland, p. 71, pl. v. fig. 4. 
Conocardium pristis, Morris, 1854, Carb. Brit. Foss., 2nd ed., p. 195. 

Specific Characters.—Shell small, triangular, almost conical when bivalve, 
moderately gibbose posteriorly. The anterior end pointed, gaping. The lower border 
descends rapidly and is gently convex. The posterior end adpressed, forming a 
cordiform surface, the external margin being produced into a shelly process or shield 
continuous in both valves, and more produced at the inferior angle, measuring as much 
as the rest of the valve. The hinge-line is nearly straight. The umbones are posterior 
and terminal, flattened on the posterior surface, incurved, carinated, and contiguous. 

Interior.—Normal. 

Exterior.—In perfect specimens the surface is almost smooth, covered with fine 


concentric lines of growth. If the surface has been removed, regular radiating ribs are 
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to be seen on the front part of the shell. These ribs form the middle layer of the shell, 
and are joined by fine transverse trabeculee. 

Dimensions. —A specimen measured: antero-posteriorly, 7 mm.; dorso-ventrally, 
10 mm. ; 
Localities.—Mulloch Hill, Lower Llandovery; Craigens, Middle Llandovery. 
Ireland, Cappacorcogue, Cong, Co. Galway. 

Observations.—A very interesting specimen, which has the same characters which 
are so well marked in Conocardium hibernicum of the Carboniferous rocks. Several 
specimens show the shelly fringe which was produced from the posterior border. This 
part of the shell is well represented in M‘Coy’s figure, which, however, is decorticated 
and shows the radiating ribs of the intermediate layer of the shell. Some half-dozen 
specimens are in the Gray Collection, several of which show the shelly process, and, with 
the exception of a single example, all are from Mulloch Hill. 3 

The Carboniferous form C. hibernicum shows no advance in development on this 
much earlier forerunner. In the latter I have never found the long rostrum possessed 
by many species of the genus. Whether there was one in C. pristis I cannot say, but 
none of the specimens show that part of the valve. 

A third species, C. xquicostatus, Phillips, sp. (Mem. Geol. Survey U.K., vol. ii, 
pt. 1, pl. xvi. figs. 1, 2), is known from the Wenlock Limestones, Woolhope and Dudley, 
which differs much in shape and ornament and absence of process from the Llandovery 
example. 

I note that Morris (op. supra cit.) gives SaLreR as the author of the species 
C. pristis. This is, of course, an error for M‘Coy. 


Conocardium dipterus, Salter, sp., 1851. (Pl. V., figs. 27-30, 30a,) 
Pleurorhynchus dipterus, Salter, 1851, Q.J.G.S., vol. vii. p. 175, pl. viii. fig. 6. 


Specific Characters.—Shell obliquely semi-trapezoidal, strongly keeled. The hinge 
Iine elongate, straight. Anterior end triangular, sub-acute, compressed. The valve is 
divided into two unequal portions by a strong, blunt, oblique ridge which passes from 
the umbo to the inferior border; the portion of the valve posterior to it is shorter but 
more gibbose than the anterior. The posterior margin is angular below, but above is 
adpressed to form a small depressed horseshoe-shaped space bounded by a ridge ; within 
this space the margin of the valve is swollen, and from its upper and median portion 
springs an elongate, hollow, conical process. The umbones are small, keeled, incurved 
and flattened on their posterior aspect. The shell gapes anteriorly, the lower margin 
being thickened, its inner surface developed into a series of teeth and sockets, which are 
smaller and more numerous from before backwards. fl 

Exterior.—On the anterior portion of the valve the concentric ribs are well marked, 
and are crossed by radiating ribs of moderate size. On that portion of the valve in 
front and behind the keel the radiating ribs are thick, wide apart, and concentric ines 
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are absent. Immediately behind the keel is a narrow space free from radiating ribs. 
Posteriorly, the radiating ribs become swollen and closer from behind forwards; but 
the ribs on the depressed cordate portion are stronger than those immediately in front 
of them. 

Dimensions. — Fig. 30, Pl. V., measures: antero-posteriorly, 17 mm.; dorso- 
ventrally, 12 mm. ; from side to side, 11 mm. 

Locality.—Craighead and Balclatchie (Llandeilo). 

Observations.—SaALTER founded his species on a specimen from Craighead, and he 
ealled it P. dipterus, var. rhomboidalis. Why the varietal name was added I cannot 
see, and for the present I drop it. 

The shell is interesting because it already has all the characters and the peculiar 
structure which I found in species of the genus in Carboniferous rocks. Indeed, it is 
closely allied to C. alatum, de Koninck. For my reasons for orienting the shell so 
that the elongate tube is posterior, and the internal structure and anatomy of the shell, 
I would refer to my Monograph of British Carbomferous Lamellibranchiata, vol. i. 
pp. 450-453. Developmental changes in the genus seem to have resulted chiefly in 
giant forms and the growth of a fringe in C. hibernicum, the most specialised species of 
the group. The general character of ornament seems to have persisted from Ordovician 
to Carboniferous time. 


Cucullella antigua, Sow. (PI. IV., fig. 16.) 
Cucullea antiqua, Sow., Sil. Syst., pl. iii. figs. 10, 12a. 


I find one example of this species in the Gray Collection. The genus very closely 
resembles Clidophorus, but differs from it in having a multidenticulate hinge plate of 
the nucula type. Casts always show the deep slit posterior to the anterior adductor 
muscle, which character is common to both genera. 


EXPLANATION OF PLATES. 


PuateE I. 
Fig. 1. Protopecten crenulatus, probably the right valve. Page 485. 
Fig. : 4 vimineus, showing the external marking. Page 484. 


1 
2 
Fig. 3. a », Showing the cast of the interior, Page 484. 
4, Pterinea subfalcata, the left valve. Page 493. 
5 % os a left valve. Page 493, 
6 5 elegans, a left valve, from a mould of the external cast. Page 494. 
ig. 7. sy reticulata, a left valve, internal cast. Page 494. 
8. . ‘s a left valve, from a cast of the exterior. Page 494. 
9. Pteronites ellipticus, the right valve with Fig. 9a, the impression of the hinge-plate. Page 496. 
Fig. 10. Posidonomya antiqua, a left valve. Page 492. 
Fig. 11. Huthydesma alata, a left valve. Page 501. 
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Fig. 12. Euthydesma alata, a left valve. Page 501. 
Fig. 13. Leptodesma modiolaris, the right valve, from a cast. Page 498. 


Fig. 14. = - the left valve. Page 498. 

Figs. 15, 15a. ,, x view of the left valve, internal cast, and view from above. Page 498. 

Fig. 16. 5 ardmillanensis, a left valve. Page 497. 

Fig. 17. si transversa, a right valve, anterior and imperfect. Page 498. 

Fig. 18. 3 a a left valve. Page 498. : 

Fig. 19. Byssonychia radiata, a right valve. Page 487. 

Fig. 20. re », the left valve of a bivalve example. Page 487. 

Fig. 21. % », internal cast, left valve. Page 487. 

Fig. 22. E 5, wight valve of a bivalve example. Page 487. 

Fig. 23. 7 angusta, a left valve, internal cast. Page 487. 

Fig. 24. 5 i a left valve. Page 487. 

Figs. 25, 25a. ,, sublevis, the right valve. The shell has been drawn with the hinge line vertical 
with 25a, a view of the anterior end. Page 486. 


Fig. 26. Ambonychia triton, a left valve. Page 488. 
Fig. 27. 55 »  aleft valve. Page 488. 
Fig. 28. x amygdalina, a right valve, internal cast. Page 489. 
Fig. 29. r 4 a right valve. Page 489. 
Fig. 30. " undata, the left valve. Page 490. 
Puate II. 
Fig. 1. Ambonychia quadratus, a right valve. Page 490. 
Fig. 2. fs a a left valve. Page 490. 
Fig. 3.. n 5 aright valve. Page 490. 
Bigs. 4,5: 4, cuneata, left valves. Page 491. 
Figs. 6, 64,0. ,, » a bivalved example viewed from different aspects. Page 491. 
Figs.7,7a,0,c. ,, simplex, a bivalved example, viewed from different aspects. Page 491. 
Bies.38,9.° S5 % right valves. Fig. 8, a cast of the interior. Page 491. 


Fig. 10. Myalina prisca, a left valve. Page 499. 

Fig. 11. Mytilarca (Plethomytilus) mytilimeris, a left valve. The shell is oriented incorrectly in th 
drawing. The hinge line should have been horizontal. Page 516. 

Fig. 12. Mytilarca (Plethomytilus) mytilimeris, a right valve. Page 516. 


Fig. 13. Modiolopsis exasperatus, a bivalve example. Page 504. 

Fig. 14. 4 = from a cast of the right valve. Page 504. 
Fig. 15. Es - a bivalve example. Page 504. 

Fig. 16. a subquadratus, a right valve. Page 504. 

Fro. 5 - a left valve. Page 504. 

Fig. 18. : scotica, a left valve. Page 505. 

Fig. 19. a i var. brevis, a right valve. Page 505. 

Fig. 20. is an * the left valve. Page 505. 

Fig. 21. 3 expansa, aright valve. Page 503. 

Fig. 22. , minor, a right valve. Page 506. 

Fig. 23. ss »  aleft valve. Page 506. 

Fig. 24. Mytilops subovalis, a left valve. Page 506. 

Fig. 25. 5; » aright valve. Page 506. 

Fig. 26. Modiolodon subcircularis, left valve showing muscle scars. Page 508. 
Fig. 27. Rs 9 left valve showing exterior. Page 508, 
Fig. 28. 3 quadratus, a right valve. Page 508. 

Fig. 29. 4 5 a left valve. Page 508. 

Fig. 30. _ subovalis, a right valve. Page 507. 

Fig. 31. ” 3 a left valve showing adductor muscle scars. Page 507. 
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Puate IIT. 


Figs. 1, 1a,b. Gosseletia ponderosa, three views, cast of the interior. Page 500. 


Fig. 2. 5, antigua, showing the left valve. Page 500. 
Fig. 3. > , showing the right valve. Page 500. 
Fig. 4. Opisthoptera transversa, a left valve. Page 495. 

Fig. 5. Ctenodonta dissimilis, right valve. Page 522. 

Fig. 6. Pe . left valve. Page 522. 

Fig. 7. is + showing hinge plate. Page 522, 

Fig. 8. a6 lingualis, a bivalve example. Page 522. 

Fig. 9. 3 the right valve. Page 522. 


” 
Figs. 10-11. Ctenodonta triangularis. Page 523. 
Figs. 12, 13,14. ,, aff. transversa. Page 523. 
Figs. 15, 16,17. ,, regularts. Page 524. 


Figs. 18, 19. »,  obliqua, right valves. Page 524. 

Figs. 20, 21, 22. ,,  eastnor?. Page 525. 

Fig. 23. »  semitruncatus, a perfect example. Page 525. 

Fig. 24. D sf a right valve showing the hinge plate. Page 525. 
Fig. 25. 5 ii a compressed specimen. Page 525. 

Figs. 26, 27. Paleonetlo sinuatus. Page 527. 

Fig. 28. : antiqua, a left valve. Page 526. 


Fig. 29. Nucula levata, a left valve. Page 517. 
Figs. 30, 31, 31a. Nucula levata, a perfect example. Page 517. 


Fig. 32. »  varicosa, a left valve. Page 518. 
Fig. 33. 53 4 showing the hinge teeth. Page 518. 
Figs. 34-37. 5 ‘ . Page 518. 
Pirate IV. 
Fig. 1. Nuculana lobata, a perfect specimen, view of left valve. Page 519. 
Fig. 2. “ 5, acomplete example, view of right valve. Page 519. 
Figs. 3, 3a. ,, », a cast of the interior; Fig. 3, a cast of hinge plate. Page 519. 
Fig. 4. »  ~tmbricata, a left valve. Page 519. 
Fig. 5. = 5 aright valve. Page 519. 
Fig. 6. : 55 a cast of the interior showing hinge plate. Page 519. 
ies. 7,70. ,, ‘ the right and left valves of the same shell. Page 519. 
Fig. 8. »»  concentrica, a specimen showing both valves. Page 520. 
Fig. 9. + ‘, the left valve. Page 520. 
Fig. 10. »  curta, a left valve. Page 521. 
Fig. 11. », aright valve, compressed. Page 521. 
Figs. 12, 12a. ,, ,, cast of the interior showing hinge plate. Page 521. 
Fig. 13. 5 ,, Internal cast showing hinge plate. Page 521. 
Figs. 14, 14a. ,, » specimen showing both valves. Page 521. 


Fig. 15. Clidophorus planulatus, a left valve. Page 528. 
Fig. 16. Cucullella antiqua, showing multidenticulated hinge. Page 545. 
Fig. 17. Cyrtodonta yibbosa, left valve with cast of hinge plate. Page 512. 


Fig. 18. 3 Billingsiana, a left valve with cast of hinge plate. Page 512. 

Figs. 19, 19a. ,, transversa, left valve with view of the posterior part of the hinge plate. 
Fig. 20. i = aright valve. Page 513. 

Fig. 21. P penkhillense, both valves. Page 511. 


Fig. 22. Pararca tenulineata, a left valve. Page 515. 
Fig. 23. Dualina elegans, the right valve. Page 533. 


Figs. 24, 24a, Goniophora antiqua, a bivalved example, with view of the hinge line. Page 539, 
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Fig. 25. Goniophora antiqua, the left valve of a large example. Page 539. 3 
Figs. 26, 26a. ,, species, the cast of the interior showing deep, narrow groove posterior to the 
anterior adductor muscle scar. This species is No. 24,480 in the collection of the Geological Survey, 
Jermyn Street. Page 539. ‘ 
Fig. 27. Goniophora antiqua, a right valve showing the recurved keel. Page 539. 
Figs. 28, 28a. Dexiobia eleyans, a left valve. Page 535. 


Fig. 29. . » aright valve. Page 535. 
Fig. 30. Sphenolium richmondense, a left valve. Page 502. 
Figs. 31, 3la. _,, i two views of bivalve example. Page 502. 
Fig. 32. Paracyclas minor, a right valve. Page 509. 
Figs. 33, 35. ,, ,, Other examples. Page 509. 
PuatEe V. 


Figs. 1, la. Cardiomorpha prisca, a right valve. Page 529. 
Fig. 2. Kdmondia silurica, a right valve. Page 530. 


Fig. 3. % x a left valve. Page 530. 

Fig. 4. = s aright valve. Page 530. 

Fig. 5. 5 simplex, a left valve. Page 530. 

Fig. 6. a 5 aright valve. Page 530. 

Migs: 7, 0@. 33 5 cast of the interior, with view of umbones. Page 530. 
Fig. 8. a antiqua, internal cast of the right valve showing hinge plate. Page 531. 
Fig. 9. 4 »  aleft valve. Page 531. 

Fig. 10. 3 »  aleft valve. Page 531. 

Figs. 11, lla. Grammysia grandis, left valve and view from above. Page 542. 

Fig. 12. scotica, a bivalve example. Page 541. 

Fig. 13. , undata, a young example, right valve. Page 540. 

Fig. 14. ne i a left valve. Page 540. 

Figs. 15, 15a. Fe x, the anterior end of a well-marked shell. Page 540. 
Fig. 16. 2 » bivalve example. Page 540. 

Fig. 17. Slava fibrosa, a left valve. Page 532. 

Big 18. .,, a a specimen showing the peculiar external marking. Page 532. 


Figs. 19, 19a. Slava fibrosa, the right valve, with a portion near the ventra margin “ magnified.” 
Page 532. a a 

Fig. 20. Cypricardinia lineata, probably a left valve. Page 534. ; 

Fig. 21. Orthonotas inornata, a left valve. Page 536. 

Fig. 22. 4 nasuta, a right valve. Page 537. 

Fig. 23. Orthodesma platyphyllus, the right valve. Page 538. 

Fig. 24. Conocardium pristis, both valves, view from below. Page 543. 


D © “2 
Fig. 25. 35 a view of the shell with its fringe. Page 543. ot 
Fig. 26. “A . Page 543, 7 
Figs. 27, 27a. ,, dipterus, the right valve, with view of umbones. Page 544. 
Fig. 28. 5 = the right valve. Page 544. 
Fig. 29. fs 9 the left valve. Page 544. . oe 
Figs, 30, 30a. ,, . the right valve, with magnified view of the ornament. Page 544. 
Fig. 31. Vanuxemia distans, a left valve. Page 514. ; —_ 
Fig. 32. f 5 aright valve. Page 514. : a 


Fig. 33. be #; aright valve. Page 514. 
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XIX.—The Alcyonaria of the Cape of Good Hope and Natal. Alcyonacea. 
By J. Stuart Thomson, Ph.D., F.L.8. (With Four Plates.) 


(MS. received January 10, 1910. Read January 10, 1910. Issued separately September 21, 1910.) 


The following is the first of a series of papers which -I intend to issue on South 
African Alcyonaria. During a lengthened residence at the Cape of Good Hope, I 
devoted special attention to the Alcyonaria collected on board the Government steam 
trawler Pieter Faure. Professor Hickson has contributed two papers on Cape 
Aleyonarians to the volumes Marine Investigations in South Africa; but since then 
a large number of forms have been dredged, and there still remain in the collection 
entrusted to me many unidentified and undescribed species. In this first instalment I 
have confined myself to the Aleyonacea. The present work has been carried on in the 
Zoological Institute and Museum of Natural History, Berne, and it would be difficult 
to overstate my indebtedness to Professor SrupmrR, who, besides giving me much 
valuable advice, stimulus, and encouragement, placed the entire literature of the subject 
at my disposal. 

I have also to express my indebtedness to Professor J. D. F. Gitcurist, Cape Town, 
who on my return to Hurope entrusted this collection to me for report. ‘This and other 
extensive collections were made under the auspices of the Cape Government, whose 
servant I was for a term of several years“ The photographs were taken in the 
Zoological Institute, Berne, and for help with these I have to thank Dr F. Baumann, 
assistant in that department. Professor Hickson has already given a summary 
of the species previously recorded from South Africa, and I hope to deal more 
fully in a later paper with the distribution of Aleyonaria on the coast of Cape Colony 
and Natal. 

The species described in the present paper are as follows :— 

Bellonella studeri, n. sp. From St Francis Bay, near Port Hlizabeth, 23-25 
fathoms, p. 550. 

Bellonella rubra, Brundin. (Locality not recorded), p. 554. 

Metaleyonium clavatum, Pfeffer. From Umbhloti river mouth, 40 fathoms, and 
Tongaati river mouth, 36 fathoms, (Natal), p. 556. 

Metaleyorum natalensis, n. sp. From Umbhloti river mouth, 39-40 fathoms, 
(Natal), p. 559. 

* T also received a grant of £20 towards the expenses of this paper from the South African Association for 


the Advancement of Science. 
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Metalcyonium patagonicum, May. 
1. Off Sandy Point, 51 fathoms. 
2. Off Cape Morgan, near East London, 77 fathoms. 
3. Off Tugela river mouth, 65-70 fathoms, (Natal). 
4, Off Amatikulu river mouth, 62 fathoms, (Natal), p. 562. 7 
Alcyonium purpureum, Hickson. Between Roman Rock and Cape Recife, Kalk 


Bay; Gordon’s Bay, etc. This is a common littoral form, p. 566. 
Aleyomum faur, n. sp. Off Cape St Blaize, near Mossel Bay, 36 fathoms, p. 568. 
Alcyonum pachyclados, KI. 

1. Off Gonubie River (near Hast London), 20 fathoms. 

2. Off Algoa Bay, etc., p. 570. 
Alcyonium rotiferum, n. sp. Off Kuskamma Point, 33 fathoms, p. 573. 
Capnella rugosa, Kiikenthal. Off Gonubie River (near East London), 20 fathoms, — 

p. 575. » 
Capnella gilchristi, n. sp. Off Cape Morgan, 47 fathoms, p. 578. 3 
Eunephthya thyrsoides, Verrill. Off Cape Morgan (north of East London), 45 

fathoms, p. 580. . 
Malacacanthus rufus, n. gen. et sp. Off Seal Island, False Bay, 11 fathoms, p. 583. 


‘. 


Bellonella studeri, n. sp. 
Plate I. fig. 1; Pl. III. fig. 23; Pl. IV. figs. 45 a-e. 


The colony consists of a basal supporting trunk, and a more or less cone-shaped 
upper portion bearing numerous polyps. The entire colony measures in millime 
92 by 41; the polyp-bearing part, 52 by 41; the basal trunk, 42 by 36. The trun 
broadest at the base, and tapers slightly towards the polyp-bearing portion of the 
colony. It has a fairly strong and tough consistency externally, and its surface is 
marked by longitudinal lines or grooves. ‘These grooves measure from 0°5 to 1°0 mm. 
in breadth. The trunk is of a brownish-red colour, and is clearly differentiated from 
the polyp-bearing part. The upper portion of the colony is somewhat flattened and 
shows numerous polyps, extended and retracted, scattered irregularly over its entire 
surface. The predominant colour of this part is red, but the polyps show some colour 
differentiation. The tentacles have red triangular stripes or bands beneath, but 
yellow apically. The greater part of the polyp is transparent, but the walls of fl 
stomodzeum are red. The calyx is marked by eight red, triangular bands or stripes. 
_ These colours are in all cases due to the spicules. The polyps are separated from 
another by intervals of coenenchyma, the interval between two being from 1 to 2 mm. 
They are completely retractile, and thus in the retracted state, the calyx covers the 
entire polyp. The upper part of the calyx is fairly soft, and the entire calyx is never 
completely retractile. On retraction, the tentacles are rolled up and the pinnule 
inverted. 
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In the single specimen upon which this description is based, only one polyp was 
sufficiently expanded to show the tentacles completely extended. It possessed the 
following dimensions :—Length of entire polyp including calyx, 12 mm.; length of 
crown and tentacles, 5°3 mm.; diameter of spread of tentacles about 6 mm.; length of 
stomodzal part, 4°6 mm. ; length of part containing the mesenterial filaments, 7°2 mm. ; 
length of calyx, 4 mm.; diameter of calyx, 4 mm. The measurements of a polyp, the 
tentacles of which were partially retracted, were in the mounted condition as follows :— 
Length of polyp including calyx, 11 mm.; length from apex of stomodzeum to base of 
ealyx, 9°5 mm.; length of stomodeum, 3°8 mm.; length of part containing the mes- 
enterial filaments, 3°2 mm. ; length of calyx, 3 mm. 

The polyps were well preserved, and thus their structure was readily ascertained. 
The general form of the polyp is that of a more or less octagonal tube, which expands 
at the apex into a crown and eight tentacles, and at the base into a wider portion, 
the calyx.* 

The polyp is differentiated into the following parts :— 

1. The crown, consisting of the tentacles and adjacent parts. This region is pro- 
vided with spicules in the form of long spindles, red and yellow in colour. These 
spicules are arranged en chevron on the tentacles in eight triangular stripes, and 
around the base of the latter they forma ring. These triangular stripes of spicules 
are pointed apically. In each tentacle, there are about eighteen pinnules which have 
the nematocysts arranged in about eight rings or zones transverse to the long axis. 

2. The stomodeal region. This shows spicules of two kinds: (a) long spindles 
externally, and (b) short, broad, spinous spindles internally in the walls of the stomo- 
dzeum itself. Spicules of the latter shape also apparently form a ring round the basal 
opening of the stomodeum. ‘The spicules within the stomodzeal wall (proper) are 
arranged so that in the periphery their long axes are perpendicular to the longitudinal 
wall; internally, they have their long axes parallel to that layer. 

3. The part of the polyp containing the mesenterial filaments which has few spicules. 

4. The calyx. This is strengthened by numerous small spicules, which are 
arranged en chevron in eight triangular bands or stripes resembling the distribution of 
spicules on the tentacular region. 

The tentacles, and even the pinnules, possess minute, yellow, irregular spicules 
measuring 0'085 mm. in length by 0°165 mm. in breadth. Transverse sections through 
the stomodzal portion of the polyp show the muscles arranged on the mesenteries in the 
manner characteristic of Alcyonaria, but the muscles in this species are feebly developed. 
The siphonoglyphe or sulcus shows the presence of cilia very clearly. The cavities of 
the polyps are directly continued into long canals which pass down through the 
ccenenchyma to the base of the trunk. The central part of the trunk is of much softer 
consistency than the more external part, being almost gelatinous. The rind of the 


"_ * Lhave retained the use of the term calyx throughout this work, although I am aware that another term has 
been extensively adopted. 
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trunk shows numerous small spicules, but in the central part they are fewer in number, 
and of a different form. 

Spicules occur in the tentacles and crown, in the stomodeeal walls and around the 
upper portion of the latter, in the calyx and in the trunk. These several parts are 
marked either by different forms of spicules, or by spicules of different dimensions. 
The crown and tentacles show long spindles, usually red in colour, yellow also occurring, 
but not so abundantly. These spicules are, as previously stated, disposed en chevron, a 
triangular stripe on each tentacle; at the base of the tentacles, these spindles are 
arranged so as to form a ring encircling the polyp. The spicules of the crown and 
tentacles show the following dimensions :—0°49 by 0°05 mm. to 0°75 by 0°06 mm., 
and 053 by 0°03 mm. to 0°56 by 007 mm. The spicules in the walls of the 
stomodzum (proper) are short, broad, spimous spindles, the latter have the following 
dimensions :—0:09 by 0°03 to 0:14 by 0°05 mm. The more external spicules 
surrounding the stomodeeal part of the polyp are similar to those of the tentacles 
and crown. 7 

The spicules from the external part of the calyx resemble in form those of the } 
stomodzeal wall (proper) ; the former are arranged en chevron in eight triangular stripes 
or bands resembling so far the arrangement on the tentacles, but the stripes or bands — 
are connected with one another by a few intervening spicules. On retraction of the 
polyp within the calyx, the distribution of the calyx spicules gives rise to a star-like 
appearance. These spicules have the following dimensions :—0°09 by 0°04 mm. to 0°14 
by 0°06 mm. The spicules of the internal part of the calyx wall are, on the contrary, 
long narrow spindles or rods resembling those of the tentacles, but their ontline is 
slightly straighter, and they are colourless. Their dimensions are as follows :—0°50 by 
0°03 to 0°75 by 0°03 mm. 

The distribution of the spicules in the trunk is noteworthy. They are very — 
numerous in the external part of the ccenenchyma or rind, but on the contrary only a 
few occur in the central portion of the same, and are of a different form from those of — 
the exterior. The spicules of the rind are double spindles, and have the following — 
dimensions :—From 0°11 by 0:08 to 0°16 by 0°09 mm. 

The spicules of the central trunk are narrow, spinous spindles, and have the follow- 
ing dimensions :—From 0°15 by 0°02 to 0°30 by 0°06 mm., and from 0°15 by 0:02 to 
0°20 by 0°08 mm. 

The spicules of the colony may be briefly summarised as follows :— 

1. Long narrow spindles from the crown and tentacles of the polyp, frequenth 

slightly curved ; colour, red and yellow. 

2. Short and broad, spinous spindles from the walls of the stomodaum (proper) and 

from the external part of the calyx wall; colour, red. 

3. Long spindles or rods from the internal part of the calyx wall; colourless. 

4. Double spindles from the external ecenenchyma of the trunk. 

5. Spinous spindles from the central coonenchyma of the trunk. 
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The characteristics of this species are distinct and well marked. In several of its 
features it seems to stand near Bellonella variabilis, Studer, and Nidalia arctica, Dan. 
It shows, however, obvious differences from both these species, as in the latter the 
polyp-bearing part of the colony is slightly branched, whereas in Bellonella studeri the 
polyps stand free and are separated by small intervals of coenenchyma. It also differs 
from these species in the arrangement of the spicules. The arrangement of the spicules 
in the polyps of Bellonella studeri is somewhat similar to that of Nidalia (Bellonella) 
rubra, Brundin, but in the general form and in the shape of the spicules, there are wide 
differences. It differs from Bellonella rigida, Brundin, in having a much plumper form, 
in the polyps being separated from one another by small intervals of ccenenchyma, and 
in other characteristics. 

One must here refer to the changes introduced by KUKENTHAL in the nomenclature 
and systematic position of these and allied forms. KUkreNTHAL regards Gray’s genera 
Bellonella and Nidalia as equivalent, and uses the name Nidalia. He is convinced 
that two different genera are contained in the genus Nidalia (Bellonella), and that 
some species belong to the family Aleyonidee, while others should be classed as Nephthyidz. 
Under the family Alcyonide he constitutes a new sub-family, viz. the Nidalinae, of 
which the most important characteristics are as follows :—The colony is unbranched ; 
the upper part of the polyp can be withdrawn within a retractile calyx, and the gastral 
cavities of the polyps stand in direct communication with one another. In this sub- 
family he places two genera : Nidalia, Gray, em. Kiikenthal, and Nidaliopsis, Kiikenthal. 
His diagnosis of the genus Nidalia is as follows :— 

The colony is unbranched, rarely cleft, and consists of a sterile stalk and a sharply 
differentiated conical or cylindrical polyp-bearing part. The upper part of the polyp is 
soft-walled, and retractile within a non-retractile calyx. ‘There is no dimorphism. 
The polyps are generally continued to the base in wide gastral spaces containing 
mesenteries. The communication between the polyps is partly direct by transverse 
canals, partly indirect by an endodermal canal network. ‘The spicules are mostly 
thorny (“ bedornte”) rods and spindles. 

Ktxenrat holds that the following species belong to the genus Nidala as emended 
by him:—MNdalia occidentalis, Gray; N. granulata, Gray; N. rubra, Brundin ; 
N. cinerea, Brundin; N. rigida, (= Eleutherobia japonica, Putter) and N. indica, 
Thomson and Henderson. Further, that the following do not belong to Nidalia but 
to the genus Gersemia, Marenz, em. Kiikenthal :—W. foliacea, Ung; C. bocagei, Kent ; 
C. studeri, v. Koch; Bellonella variabilis, Studer, and Nidalia arctica. More 
recently he has removed Nidalia foliacea to the genus Capnella. KUKENTHAL’S 
diagnosis of the genus G'ersemia, in his monograph on Japanese Alcyonaceen, 1906, 
differs slightly from that contained in his Versuch einer Revision der Alcyonarien. 
II, Die Familie der Nephthyiden, 1907. His later diagnosis is as follows :— 
“Nephthyiden ohne Stutzbiindel, die Polypen stehen nicht in Liippchen oder Biindeln, 
sondern einzeln. Der Aufbau der Kolonien ist baumférmig, doch kénnen die Aeste 
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rudimentiir werden. Die Polypen haben einen scharf gesonderten nicht retractilen 
Kelch aufzuweisen, in welchen der obere Teil zuriickziehbar ist.” 
Regarding KUKENTHAL’s revision and emendations there are elements of doubt as te — 
whether Gray’s genera Nidalia and Bellonella are really identical, and that the genus 
(ersenua as amended by KtKenrHat has little in common with the original diagnosis 
as given by MaReNZELLER, and whether certain species included by him under this — 
genus should really be placed there. 
As there does not exist a very complete knowledge of the anatomy of some of the 
forms included under the name Nidalia or Bellonella, and as the systematic position — ; 
of these forms appears to be in a state of transition as shown even in the progressive — 
stages of KUKENTHAL’s own work, I prefer to wait for further investigation. I place 
my species among the Alcyonide rather than as belonging to the Nephthyide. The 
characters of this form are so well marked as to render detailed comparison with allied 7 
forms unnecessary. = 
Locality, ete. :—‘ Pieter Faure,” No. 18,831. St Francis Bay, Noors Kloof Point, — 
N.W. by W. 4 W. to N.W. by W. 4 W. 8-12 miles. Depth, 23-35 fathoms. Nature — 
of bottom, fine sand and mud. . 


Bellonella rubra, Brunvin. 


Plate II. fig. 13; Pl. LIT. figs. 21 a—c; Pl, TV. fig. 43. 


This description is based on four specimens in all of which the polyps were almost 
completely retracted. At first I thought that these were retracted specimens of | 
Metalcyorum clavatum, Pfeffer, but on closer examination they showed important 
differences. 

The following measurements were taken :— 


Specimen A. | Specimen B. | Specimen C. | Specimen D, | _ 


Length of entire pal : : : : 44°38 mm. | 33:5 mm. 22:0 mm. 21:0 mm 
Length of trunk, ‘ : ; ‘ 24:0 ,, iG: 05 TOs. 12‘ 
Breadth of tronic a middle, ; : . F CO nes Habe). 13:0" |. 65 ,, 
Length of polyp-bearing part, el.) 2ORS 5f LO, 1b°0r; oO 
Length of polyp- bearing part at middle, LOO, ey, Seis MPA CD gs 


The surface diameter of contracted polyps is about 2mm. The distance of polyps 
from one another is about 2 mm. 

The colonies are of a light crimson-rose colour, the polyp-bearing part having a 
deeper colour than the trunk, which is sometimes almost white. The general shape of 
the colony resembles that of a cut or lopped trunk of a tree, but with a rounded apex. 
The base of the trunk sometimes expands into processes for attachment. Longitudinal 
and transverse grooves sometimes occur on the surface of the trunk. 
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The polyps have no definite arrangement, but are irregularly scattered on the 
surface of the ccenenchyma. When contracted, they appear as yellowish and reddish 
circular areas (calyces) on the surface of the deep red ccenenchyma. The upper part of 
the polyp is thus almost completely retractile, but this is apparently not the case with 
the calyx. Observation of a less retracted polyp shows the upper parts of eight 
tentacles, each with its band of red spicules. External to these is a double circular band 
of small red spicules, the calyx. On slight dissection, the crown of the polyp can be 
pushed out of the cavity, and is seen to be fairly similar in structure to that of 
Metalcyonium clavatum, Pfeffer (see p. 556). On retraction, the tentacles are simply 
drawn down into the stomodeal cavity, but are not inverted. The condition is thus 
similar to that in Alcyoniwm digitatum. None of the polyps were in a completely 
expanded condition. Gonads were not developed. The calyx is not a wart-like 
projection of the rind of the ccenenchyma as in Metalcyonium clavatum. 

A rough transverse section through the polyp-bearing part shows that the rind is 
provided with numerous short, broad spindles; internally to these, there are long 
spindles and clubs usually directed radially and also grouped round the canals. The 
tissue of the ccenenchyma is very largely developed, the canals being small. 

The texture of the trunk is very compact and tough; the canals appear to be the 
direct continuation of those in the upper ccenenchyma; the spicules are extremely 
numerous. The rind especially possesses a very large number of spicules, which are 
densely crowded together. The long spindles and clubs found in the upper portion of 
the colony are not, as a rule, found in the trunk. 

The spicules of the crown and tentacles are long, narrow spindles with small 
projections, and clubs with larger processes. ‘Their colour is red. They are disposed 
much in the same manner as in Metalcyonium clavatum (see p. 558), but are 
larger. Their dimensions are as follows :—From 0°21 by 0°05 to 0°67 by 0°06 mm., and 
from 0°47 by 0°035 to 0°40 by 0°10 mm. 

The spicules of the calyx are short, broad spindles, red in colour. They measure as 
follows :—From 0:09 by 0°07 to 0:17 by 0:05 mm., and from 0°17 by 0°05 to 0°15 by 
0:08 mm. 

The spicules of the internal trunk are short, broad spindles, and measure from 0-09 
by 0°04 to 0°19 by 0°11 mm. 

The spicules from the rind of the trunk are short, broad spindles, and have the 
following dimensions :—From 0:09 by 0:06 to 0°28 by 0°12 mm. 

The long spindles from the internal coenenchyma of the polyp-bearing part measure 
from 0°255 by 0:034 to 0°408 by 0°0425 mm. 

The club-shaped spicules from the same part measure approximately 0°17 by 
0°051 mm. 

My specimens agree well with Brunptn’s description of Bellonella rubra. BRunpin’s 
specimens were from the Straits of Korea and T’sugar, Japan. MKUKENTHAL has also 
recorded this species under the name Nidalia rubra, Brundin, from Sagami Bay, 
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Japan. KUKENTHAL gives as the most. important difference between Nidalia and 
Metalcyomum, that in the former the gastral cavities of the polyps are in direct 
connection with one another by means of transverse canals, while in the latter 
communication is only indirect through an endodermal network. The latter fact 
appears to be true for those species of Metaleyoniwm which I have recorded, but I fail 
to see that in all those species which he regards as Nidalea the contrary holds. 


Metalcyonium clavatum, Pfeffer. 
Plate I. fig. 7; Pl. Il. fig. 9; Pl. IIL. figs, 17 and 19; Pl. IV. figs, 35-37. 


This description is based on four well-preserved specimens, with the polyps in 
varying states of expansion. Hach specimen consists of a basal supporting trunk and 
an approximately cylindrical polyp-bearing portion. The following dimensions were 


noted :— > 
Specimen A Specimen B Specimen C 
(P.F. 10,881). | (P.F. 10,948a). | (P.F. 10,948a). 
Length of entire colony, ; : ; 46 mm. 55 mm. 18 mm. 
Length of trunk, . : E , : AN7ay | eps Sti lO wees 
Breadth of trunk, . , ? : ; O6;Sa, 08:0 ,, 05:0 ,, 
Length of polyp-bearing part of colony, . 29°0) PSST Oe SD) a 
Breadth of polyp-bearing part of colony, . [S:055, T0"5 «5, 5:8) 3 


The trunk expands slightly at the base, and in some cases fixes itself around organic — 
objects such as polychet tubes. The consistency of the trunk is extremely soft, and 
its surface is marked by longitudinal lines and sometimes by transverse wrinkles ; its 
colour is rose, slightly paler than the ground-colour of the polyp-bearing portion. The 
latter shows numerous polyps, mainly colourless, but they are provided with eight bands 
of red-and-yellow spicules in the tentacular part, and a few encircling spicules at the 
base of these. The polyps are arranged in longitudinal but not straight ridges, each 
of the latter being bordered laterally by lines separating it slightly from the adjacent 
one. The polyps were almost completely retracted within the calyx. 

Well-expanded polyps showed the following structure :— 

1. An upper part (the crown), consisting of the tentacles and containing the upper 
portion of the stomodeum. This part is slightly broader than the succeeding part. 


It shows the usual eight pinnate tentacles and eight bands of spicules (mostly red 


yf 


in colour) arranged en chevron. There are a few encircling spicules at the base of 
these longitudinal bands. The number of pinnules in each tentacle ranges from abot 7 
eight to twelve. | 

2. The median portion of the polyp, containing the greater portion of the stomodeeum. 
This part has no spicules either internally or externally. It has longitudinal an | 
transverse lines. 
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3. The basal part of the polyp, containing the lowermost part of the stomodzal 
tube and the mesenterial filaments, is protected externally by a much projecting calyx 
with numerous red spicules. It was not clear whether the calyx could be retracted 
or not. 

The following are the dimensions of a fairly expanded polyp :— 


1. Length of upper part (crown) from tip of tentacles to base 


of encircling band of spicules, a2 AO mmm. 
2. Breadth of same at middle, é ; ae DOD ne 
3. Diameter of spread of tentacles, . ; ay LO) 

' 4, Length of median (stomodeal) part, be EDO. 
5. Breadth of same at middle, ie eae 
6. Length of calyx, . ; : is OO 
7. Breadth of calyx at middle, ' Oe 


The following are the dimensions of a fairly retracted polyp :— 


1. Length of upper part, ; ’ Pik c2.5 som. 
2. Breadth of upper part, . , 2600 5;, 
3. Length of median part, . eeal Oras 
4. Breadth of median part, . Seales Oha a5 
5. Length of calyx, . 2a ae 


Transverse sections through the stomodeeal part show that the muscles are very well 
developed, that the wall of stomodzeum (proper) is thick, and that the siphonoglyphe is 
provided with cilia. In one of the specimens (P.F. 10,881) female gonads were con- 
spicuously developed on the lower mesenteries of the polyp, and in the intermesenterial 
cavities of the stomodzeal region a number of eggs were observed (Pl. III. fig. 19). 
The other specimens did not show gonads. A characteristic feature is that the lower 
portion of the polyp lies within and is protected by a much projecting calyx, which 
appears to be more of the nature of an outgrowth of the outer rind than a part of the 
polyp itself. Sections show that the uppermost part of this outgrowth or calyx 
surrounds the lower part of the stomodzum, but that the greater portion is occupied by 
that part of the polyp in which the mesenterial filaments are situated. The walls of 
this cavity vary in thickness: in the upper part it is one-layered, in the lower part two- 
layered. The greater part of the polyp can be retracted within this cavity. 

The cavities of the polyps are continued into long canals passing down through the 
ccenenchyma of the trunk. These canals are large, numerous, and conspicuous. The 
canals are not in direct communication with one another. The canals in the outer part 
of the trunk are slightly smaller than those of the interior. The outer part of the trunk 
has a tougher consistency than the centre, and the spicules are more crowded together. 
Specimen (No. 10,881) showed gonads developed on the walls of the canals of the trunk. 


The other specimens did not show these. 
TRANS. ROY. SOC. EDIN., VOL. XLVII. PART III. (NO. 19). 82 
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The spicules of the polyps and of the trunk are mostly spindles. The tentacles and 
upper part of the polyp have long spindles with short processes. These spindles are — . 
mostly red in colour, but yellow ones occur at the apices of the tentacles. These 
spicules are disposed en chevron in eight triangular stripes or bands and in an encircling 
basal ring. The spicules of this part have the following dimensions :—0°'15 by 0:04 to 
0°32 by 0°05 mm. The spicules of the calyx are much shorter and broader spindles, 
They are all red in colour, and are very abundant. They have the following dimen- 
sions :—From 0°08 by 0°04 to 0°12 by 0:06 mm. 

A rough section through the polyp-bearing part shows numerous, usually long 
spicules towards the outside, only a few occurring nearer the centre. ‘The spicules of 
the internal trunk are clubs and spindles, and differ slightly from those situated more 
externally. Those of the external trunk approach more nearly in shape to those of the __ 
polyps. There are apparently two kinds, long and short. The spicules of the external = 
trunk have the following dimensions :—From 0°07 by 0°04 to 0°17 by 0°10, and from 0°25 
by 0°08 to 0°28 by 0:10 mm. The spicules of the internal trunk measure as follows:—_ 
From 0°14 by 0:06 to 0°17 by 0°08 mm., and from 0°14 by 0°06 to 0°15 by 0°09 mm. 

Localities, etc.:—P.F. 10,881. Umhloti river mouth (Natal), N. by W. 4 W. 84 miles. 
By large dredge. Depth, 40 fathoms. Bottom, sand and shells. Date, Dec. 18, 1900. 

P.F. 10,9484. Tongaati river mouth, N.W. by N. 1 N. 53 miles. By large dredge. 
Depth, 36 fathoms. Bottom, sand and shells. Date, Dec. 20, 1900. 

This species appears, in the main, to agree with the characters of Metalcyoniwm 
clavatum given by Prerrer, May, and KtxenrHaL; unfortunately, there are no : 
figures of this species, and only scanty ones of its spicules. There are certain 
differences, but such as might probably occur in members of the same species collected — 
from localities so widely separated as Natal and South Georgia. PrErrEr describes the 
polyp-bearing part of the colony as sometimes eight times longer than broad, but in my — 
specimen it is only two to three times. His specimens were also larger and of a 
different colour, namely, slate-grey or nearly white. He speaks of several transversely 
situated spicules beneath the “ zooid” crown. From May’s description, I gather that 


are no spicules in the internal ccenenchyma. In my specimens there are a few 
spicules in the internal ccenenchyma. 

KUKENTHAL'S description of his species shows that his specimens were smaller, 
the upper end of the colony sometimes swollen, and the whole colony slightly bent — 
inwards. The upper end of the colony was not dilated in my specimens. The polyps — 
appear to be larger in his specimens. The number of pinnules is approximately the — 
same. The size of the polyp spicules is also nearly the same. He mentions the absence 
of horizontally disposed spicules beneath the tentacular series. The spicules agree in 
the main with those of my specimens. As in my specimens, he found spicules in the 
internal coenenchyma, but this does not agree with May’s observations. KUKENTHAL'S— 
specimens were whitish, the stalk grey. T'wo or three colonies originated together fron 
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a common base; this I have not observed. Iam convinced that this is not a Bellonella 
or Nidalia, although its external appearance resembles some members of this genus. 

PFEFFER gives the following description of the genus Metalcyoniwm :—“ Polypen- 
stock eine Keule von nicht bilateralem Bau. Die basale Anheftung zeigt eine 
schwache, hautartige Verbreiterung, von der die jungen Stécke absprossen. Der sterile 
Stiel im Alter von geringer Langsausdehnung, etwas diinner als der Polypen-tragende 
Teil. Dieser ist als gestreckte Keule oder Kopf ausgebildet und tiberall mit einzeln 
stehenden Kelchen, nimlich hervorragenden (kontrahiert strahligen) Warzen des 
Coenenchyms, bedeckt, aus denen die Polypenkipfe meist hervorragen. Zooide sind 
nicht vorhanden ; es finden sich freilich tiberall kleine Polypen; diese sind aber nur 
jiingere Individuen, denn sie haben einer véllig ausgebildeten Tentakelkranz. Das 
Coenenchym hat eine derb-hautartige Beschaffenheit. Die Spicula sind gekndépfte 
Doppelspindeln, die im Stiel spirlicher, in den Kelchen hiaufiger liegen. Die Polypen- 
Halse sind unbewehrt, die Képfe zeigen perradiale Ziige von schlankeren, schwicher 
bewehrten Spicula. Die neue Gattung gehirt nach allen Merkmalen in die Familien 
der Alcyoniden, wie sie von Verrill eingefiihrt und von Studer (Arch. f Naturg. 
LUI. I. p. 14, und Challenger Report, Alcyonaria, p. xviii) wiedergegeben ist. Sie 
schlieszt sich an Anthomastus und Sarcophyton an, unterscheidet sich jedoch vor allem 
durch den Mangel der Zooide.” 

PrerreEr described two species, Metalcyonium clavatum and M. capitatum. Three 
other species have been described, namely, Metalcyoniwm patagonicum, May, Met- 
aleyonum molle, Burchardt, and Alcyonium (Metalcyonvum) novare, Kiikenthal. 

The distribution of this genus or sub-genus is, so far, as follows :—South Georgia, 
Patagonia, Japan, Amboina, and the Cape of Good Hope. 


Metalcyonium natalensis, n. sp. 
Plate I. fig. 2; Pl. III. figs. 15 and 18; Pl. IV. figs. 39 a-c. 


This description is based on eight fairly well preserved specimens. Lach colony is 
club-shaped, and consists of a basal trunk and an upper unbranched polyp-bearing 
portion. 

The following dimensions were taken from four specimens :— 


Specimen D 
Specimen A. | Specimen B. | Specimen C. ee Lae 
at base). 
Length of entire colony, : ; 24 mm. 27 mm. 38 mm. 19 mm. 
Length of trunk, : , V4, Me 29 ,, 12 ,, 
Breadth of trunk at middle, : ; Dil; oe, 4, 4 5, 
Length of polyp-bearing part, : ; OW 10 ,, 9, 7 5; 
Breadth of polyp- bearing part at middle, : oR; 9 7» 6 
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The colonies are of a light chocolate colour, the lighter shade being produced by the 
presence of numerous colourless spicules. These spicules are conspicuously present on 
the surface of both the trunk and the polyp-bearing part, but more especially on the 
latter. The surface of the trunk is marked by longitudinal and transverse lines and 
grooves. In the better expanded specimens, the trunk is seen gradually to taper 
towards the base. In some cases, organic objects such as corals are seen at the base 
of the colony. 

The extremely large number of slightly projecting spicules is noteworthy, and these 
are so abundant as to give to the surface of the colony a certain degree of roughness. 
For example, when a needle is drawn along the surface, a sound is produced similar to 
that which would be heard on scraping a rough pebble. 

The polyps appear to have no definite arrangement, but are irregularly scattered 
over the surface. They are completely retractile within the ccenenchyma, and in this _ 
state must be efficiently protected by the numerous spicules which surround the open-— 
ings. In my specimens the polyps are, as a rule, not well expanded, but a crown with — 
tentacles, a stomodeeal part, and a slightly developed eight-partite calyx is recognisable. 
One of the better expanded polyps measured 2 mm. in length by 1 mm. in breadth. a 
The appearance of a partially retracted polyp is that of a slightly raised area on the — 
surface of the coenenchyma. ‘This area is covered over, except at the centre where the 
tentacles appear, by eight triangular parts with spicules and constituting the calyx. 

Transverse sections through the trunk show large canals internally, and smaller — 
canals externally. Numerous spicules are present in the rind. The spicules are here 
shorter than in the external coenenchyma of the upper part of the colony; there are 
comparatively few in the centre of the trunk. 

Pl. III. fig. 18 represents a transverse section through the apical part of the 
ccenenchyma, after removal of the spicules. It shows externally numerous small 
cavities in which the spicules were embedded, and more internally the polyps with 
intervening capillary tubes (see footnote, p. 561). . 

There is much uniformity in the shape of the spicules from different parts of the ‘ 
colony. ‘They are usually clubs, a few spindles also occurring. The absence of spicules y 
from the polyp (excepting calyx) is noteworthy. 

In the fully retracted condition, the calyx appears simply as a flat, eight-rayed star. 
The diameter of partially retracted polyps varies from about 0°50 to 2°80 mm. 3 

Transverse sections through the polyps show that the stomodeal wall is very 
thick, the siphonoglyphe is ciliated, and the muscles are very feebly developed. ‘The 
siphonoglyphe appears to be ciliated only for a short distance. There is a strong 
tendency to a bilateral arrangement; the dorsal and ventral intermesenterial cavi ies 
are smaller and more regular than the other six. 

The coonenchyma of the polyp-bearing part has the following structure :—The 
external part has an immense number of spicules, mostly club-shaped and directed — 
radially ; in the central part there are comparatively few spicules. The polyps are 
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situated in the rind, and extended only a short distance into the ccenenchyma. The 
canals, twelve to twenty in number, occupy the greater part of the central coenenchyma. 
Numerous connecting capillary tubes are present, and the course of these is as follows :— 
Capillary tubes pass inwards from the polyps to join other tubes which form an encircling 
network around the canals of the central ccenenchyma; from this encircling network, 
other still smaller tubes pass into and terminate in the walls of the canals. Pl. LI. 
fig. 15 illustrates this structure better than any verbal description.* 

The structure of the ccenenchyma, as a whole, resembles in many respects that of 
Alcyonium. The external part of the polyp-bearing region contains more spicules than 
any other portion of the colony. They are mostly clubs, the heads of which project 
from the surface ; comparatively few spindles occur. The spindles measure from 0°204 
by 0°068 to 0°493 by 0°051 mm., and from 0°204 by 0°068 to 0°289 by 0°017 mm. 
The clubs from the same part measure as follows :—From 0:187 by 0°085 to 0°357 by 
0°102 mm., and from 0°212 by 0°051 to 0°323 by 0°102 mm. The spicules are also 
abundant in the rind of the trunk, and are chiefly clubs. They have the following 
dimensions :—From 0'102 by 0142 to 0'238 by 0068 mm. The centre of the 
trunk has comparatively few spicules: these are mostly clubs. Their dimensions range 
from 0°17 by 0°068 to 0°204 by 0°068 mm. ° 

Plate III. fig. 15 shows the presence of a number of gonads or possibly embryos 
in the canals of the coenenchyma. Unfortunately, | have not a sufficient number of 
this interesting new species to enable me to make a detailed study of these gonads 
or embryos. 

Locality, ete. :—P.F. 10,993. Off Umhloti riyer mouth (Natal). Depth, 39 to 40 
fathoms. By large dredge. Sand and shells (hard ground). Date, Dec. 21, 1900. 

This form differs from Metalcyonium clavatum, Pfeffer, by a sharper differentiation 
into polyp-bearing and stalk portions, by the absence of spicules in all parts of the 
polyp with the exception of the calyx, and by the spicules in the rind of the trunk 
being clubs, not slender rods. 

It also differs from Metalcyonium capitatum, Pfeffer, which has a distinctly flattened 
form, and polyps present on the basal part of the colony. Metalcyonwwm capitatum 
has also spicules in the pinnules and a crown of eight rows in the polyp head. The 
spicules of the rind are straight rods, not clubs, and the colour of the colony is light 
orange. 

My species is readily distinguished from Metalcyonvum patagomcum, May, by its 
form and by the absence of spicules in the upper part of the polyp. 

Metalcyonium molle, Burchardt, is a form apparently without spicules, but it has not 
been well described. My species may come nearest Metalcyonium novare, Kiikenthal 
(from the Cape of Good Hope), but the latter shows the following differences :— 


* While this paper was passing through the press, I have learned that in Alcyoniwm digitatwm “the fine lines 
which look like capillary tubes really consist of strings or rows of cells” and “have no lumen.” The structures 
described above are probably similar. 
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(1) The stalk part is not very distinct, as the polyps sometimes originate far down 
on the colony ; (2) there are spicules in the axes of the tentacles; and (3) numerous 
pinnules occur on the inner surface of the latter, a feature which also appears in the 
genus Sinularia. 


Metalcyonium patagonicum, May. 
2 Alcyonrum antarcticum, Hickson. 


Plate I. fig. 8; Pl. II. fig. 12; Pl. III. figs. 22, 26-29; Pl. IV. figs. 30-32. 


This description is based on a number of specimens from different localities. It 
must be regarded as a species which is fairly common in South African seas. The 
specimens show a very obvious external resemblance in form and even in colouring to 
young mushrooms, especially to the so-called Fly-mushroom, Amanita muscaria, and — 
to the bulbous mushroom, Amanita bulbosa. 

The colony shows three main parts :—Firstly, a globular head (pileus) bearing 
numerous polyps; secondly, a barren stalk or trunk which may be termed the “stipe”; 
and thirdly, at the base of the latter, a horizontally expanded part, which encrusts 
various objects, organic and inorganic. In several of my specimens, this last part is not 
present, having been torn away in dredging. 

The dimensions of three of the larger specimens were as follows :— 


Specimen A | Specimen B | Specimen C 
(with yellow |(with red ten- |(with red ten- 
tentacles). tacles). tacles). 
Length of colony, : , : .| 25°6 mm. 29°8 mm. 37:0 mm. 
Length of globular head (pileus), . 3 ; ‘ s 136 _,, WA) 13:0 ,, 
Diameter of globular head plone), ; ; : GOs 3, 1S Our 17:On 
Length of trunk (stipe), : : : : 1206, a iste pee = 24°0 ,, 
Diameter of trunk (stipe), . TleO%s5; LOD; 13:0_.,, 
Diameter of fairly expanded polyp taken at calyx, . BO 2:0 3, 20) 
Diameter of contracted polyp taken at calyx, scorn & TORN Os 


The colours of specimens vary considerably, and are in all cases produced by the | 
spicules ; the following four variations of colour may be noted :— 


Specimen A. | Specimen B. | Specimen C. | Specimen D. 


Ground colour of head (pileus), . | Yellow. Red. Yellow or Yellow or 
white. white. 
Tentacles, . : ; : : : . Red and Red. Yellow. 
orange. 
Calyx, : ; Pe Orange. i Red. 
Internal wall of stomodaum, : ; White or Red. ; 5 
yellow 
Internal coonenchyma of head (pileus), Red or Mostly red. 
white 
External trunk (upper part of), . : White. Red, Brownish., Brownish. 
External trunk (lower part of), . : Red. Red. Red. 


Internal trunk, . ; ‘ ; : Red and Mostly red, 


THE ALCYONARIA OF THE CAPE OF GOOD HOPE AND NATAL. 563 


It appears, however, that between these different types or varieties of coloration, 
there are intermediate stages grading the one into the other. 

The polyps show themselves on the surface of the “pileus” in varied degrees of 
expansion and contraction. A number of young polyps are present between the 
better developed ones. The polyps are capable of being withdrawn within the eight- 
partite calyx. On retraction, the tentacles are drawn down, but are not inverted. The 
number of pinnules in the tentacles was not observed. 

It was fairly easy to remove well-expanded polyps out of their canals, and as they 
are fairly transparent, their structure is readily understood. ‘The polyp is differentiated 
externally into three parts :— 

Ist, A crown and tentacles with long spindles arranged en chevron in eight 
more or less triangular stripes. These eight longitudinal stripes unite more or 
less at their bases into a ring of spicules, which encircles the upper part of the 
polyp. This circular band is not well developed, consisting only of a few spicules 
horizontally or obliquely disposed. 

2nd, A stomodzal part, with small spicules in the wall of the stomodeum 
(proper). 

3rd, A part containing the mesenterial filaments, and devoid of spicules. 

The calyx projects on the surface of the ccenenchyma as a ring containing small red 
spicules. The calyx has an outer and inner wall, both containing spicules, but the 
outer wall has a larger number. The outer and inner walls of the calyx are trans- 
versely connected with one another at intervals by small tubes. The calyx is 
retractile. ‘ 

The colours of the polyps are produced by the spicules; those of the tentacles are 
yellow or red, or yellow and orange apically, and red ones at the base. The spicules of 
the stomodzeum (proper) are also yellow or red, and those of the calyx are yellow, red, 
or orange. 

The muscles in the stomodzeal part of the polyp are extremely large; in some cases 
they fill up at least half the space of the intermesenterial cavities. The siphonoglyphe 
is broad and ciliated, and directed, in all observed cases, towards the exterior or away 
from the centre of colony. The ectodermal wall of the stomodzeum is thick, the 
mesogloea extremely thick, and the endoderm thin. The cavities of the polyps are 
continued directly downwards into the canals running down through the trunk. 
In the globular head, there exists a distinct ccenenchyma between the polyp 
cavities; but in the trunk region this is not so, as the walls between the canals 
are very thin. 

A rough transverse section through the “ pileus” shows an extremely large number 
of spicules, especially in the outer part. These spicules are long, spinous spindles or 
needles. One of these measured as much as 0°816 mm. in length. The long spindles 
are, as a rule, disposed radially ; besides these, there are also a few short spicules. A 
rough section through the trunk shows again a very large number of spicules, but they 


564 DR J. STUART THOMSON ON 


are here of a different form, namely, short double clubs, etc. These spicules are again 
more numerous in the rind than towards the centre. 

The spicules of the tentacles and of the crown of the polyp are long spindles, 
straight or curved ; in some cases, these spindles are all red, in others yellow, or both 
yellow and red may occur in the same specimen, the yellow being situated apically. 
These spindles measure from 0°333 by 0°034 to 0°408 by 0:°017 mm. At the tips 
of the tentacles, the spindles are shorter than at the base and are, at least in some 
cases, replaced by double spindles. The spicules of the stomodeeum (proper) are small 
rods or spindles, red or yellow. They measure from 0°102 by 0°051 to 0°0391 by 
00306 mm. : 

The spicules of the calyx have the form of small double, red, yellow, or orange clubs 
and rods. ‘They measure from 0°051 by 0°017 to 0°:0765 by 0°034 mm. 

The upper ccoenenchyma between the polyps shows two varieties of spicules: 
firstly, long spindles, and secondly, short double clubs and rods. The long spindles 
measure from 0°1054 by 0:0391 to 0°4165 by 0°034 mm. ; exceptionally, longer spindles 
may occur, such as that noted previously. 

The short, double clubs do not show much variation in size, measuring from 0°051 
by 0°0204 to 0°0765 by 0°034 mm. 

The spicules of the external trunk are mostly double clubs, double spheres or wheels. 
There are also a few long spindles or rods. The double spindles measure from 070595 
by 0°034 to 0°187 by 0°0765 mm. ‘The long spindles measure from 0°1955 by 0°034 
to 0°629 by 0':051 mm. The spicules of the internal trunk are of various kinds, namely, — 
double clubs, long clubs, short spindles, and long, slender, needle-like spindles and 
spicules of irregular form. The double clubs measure from 0°0816 by 0:051 to 0119 
by 0°0765 mm. 

The irregular spicules have approximately the same dimensions. The long needle- 
like spindles measure from 0°187 by 0°034 to 0°816 by 0°051 mm. 

Localities, etc. :—P.F. 13,459, 13,459B, and 18,460. Sandy Point, N.E. by N. 64 
miles. By dredge. Depth, 51 fathoms. Nature of bottom, broken shells and stones. — 
Date, August 14, 1901. 

P.F. 13,174. Cape Morgan, N.4 W. 102 miles. By dredge. Depth, 77 fathoms. — 
Bottom, rocks and broken shells. Date, July 26, 1901. a 

P.F. 11,351. Tugela river mouth, N.W. by N. + N. 25 miles. By large dredge. 
Depth, 65-80 fathoms. Bottom, hard ground. Date, January 11, 1901. ja 

P.F. 11,587. Amatikulu river mouth, N.W. 2 N. 20 miles. By large dredge. 
Depth, 62 fathoms. Bottom, rocks and sponges (hard ground). Date, January 30,8 
1901. | J 
I place this species as Metalcyonium patagonicum, May, and as being identical 
with the form described by Hickson from Cape waters as Alcyonium antarcticum, : 
W. and 8. ] 

KiKkentHat regards the two last mentioned as probably identical, It appears to 
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me also that the species from the Cape named Alcyoniwm antarcticum by HIcKsoN is 
not rightly so designated. The description and figures given by Hickson do not 
sufticiently agree with the description and figures given in the Challenger Report, and 
Professor StuDER also regards Hicxson’s Alcyonium antarcticum as a mistake. More 
recently I have had the opportunity of examining Hickson’s type specimens. At first 
I thought that the species under consideration was probably Metalcyoniwm capitatum, 
Pfeffer. Prerrer says: “Der Polypenstock hat das Aussehen eines jungen Pilzes, 
d.h. er ist kurz gestielt mit dickem Kopfe, oder der Stiel ist ganz verschwunden und 
-der ganze Stock stellt ein kopfartiges Gebilde dar.” — 

This resemblance between the two species appears to be mostly a superficial one, for 
Metalcyonium capitatum shows the following features which separate it from my form :— 

(1) It appears to be frequently flattened in form ; (2) the polyp-bearing part is not 
sharply separated from the so-called sterile part; (3) the calyx is not very clearly 
defined ; (4) a transverse ring of spicules below the tentacles does not occur; (5) the 
stomodzeal tube has no spicules; (6) the polyps appear to stand much nearer one 
another. 

Metaleyonum clavatum, Pfeffer, has the following characters distinguishing it 
from my species :— 

(1) It has no sharp distinction into trunk and head ; (2) the polyps are not sharply 
differentiated into retractile part and calyx ; (3) the stomodzeum is free from spicules ; 
(4) several colonies frequently appear to originate from a common base. 

Metalcyonium patagonicum has been described by May and Kikenrnat. The 
specimens are described as club-shaped. The spicules of the polyps appear to agree in 
the main with those of my specimens. My specimens are considerably larger. In 
both, there is a gradual passage from the membranous base into the trunk. The polyps 
in my specimens do not stand closer to one another above than below. ‘The spicules of 
the tentacles in my specimens are much larger. There is no mention of spicules being 
present in the stomodzeal canal of May’s specimens. 

We thus see that there are a number of differences; but some of these are probably 
more apparent than real, due on the one hand to incomplete description, on the other 
to variation, for this is one of those species which seem to vary very considerably. 

In regard to the specimens described by Hickson from South Africa under the name 
Alcyonium antarcticum, we may note that his colonies were procured from ground of 
a different nature. He cives a figure of a specimen which rather differs from my 
larger examples, but resembles some of the younger forms in my collection. As 
KUKENTHAL suggests, Hickson’s specimens were probably young forms. The relative 
size of the polyps in Hickson’s specimens appears to be greater than in my forms. 

KUxKenruat has divided the genus Alcyoniwm into three sub-genera, namely : (1) 
Alcyomum, s. str., (2) Metalcyoniwm, Pfeffer, (3) Hrythropodium, Kaélliker. 
Whether this classification is a good one or not, will be seen after further systematic 


work has been done on this genus. 
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Aleyonium purpureum, Hickson. 


Plate ITI. fig. 16; Pl. IV. figs. 24 and 25. 


This description is based on several large colonies. The largest specimen was 
roughly hemispherical in shape, and measured 68 mm. in length, 55 mm. in breadth, 
and about 27 mm. in height. 

The base of the colony was attached to a Tethya-like sponge. The colony 
consisted of a number of lobes, over 40 in the large specimen, each lobe measuring 
from 10 mm. in height and 6 mm. in diameter to 19 mm. in height and 7 mm. in 
diameter. ‘lhe lobes of the colonies have no stalks or trunks, but are connected with 
one another by a flat encrusting coenenchyma provided with many spicules on its 
upper and a few spicules on its lower surface, and containing internal canals which pass 
into connection with those in the interior of the lobes. ‘The colour of the colony in the 
living condition is brilliant purple, the tentacles being brown. 

The polyps show a tendency to a spiral arrangement on the surface of the 
ccenenchyma. ‘The number of polyps in the larger lobes is 30 to 40. They are 
completely retractile within the ccenenchyma, and are thus protected by a dense 
framework of spicules. None of the polyps in my specimens were completely expanded, 
but those fairly well extended measure from 3°38 mm. in height and 1 mm. in 
diameter to 4 mm. in height and 2 mm. in diameter. The retracted polyps measure 
from 1'1 mm. in height and 1:0 mm. in diameter down to minute fractions of a 
millimetre. ‘The polyps are differentiated externally into two parts, a crown and 
a stomodeeal part. 

On the crown, the spicules are arranged in eight triangular areas, pointed above. 
They appear to be arranged en chevron, but more irregularly than in the typical en 
chevron arrangement. ‘The spicules of this part are mostly spindles. The spicules 
protrude on the surface of the polyp, but this is more especially the case on the 
stomodzeal part, where this feature is very apparent. On the stomodzal part, the 
spicules are arranged in eight parallel bands, whose bases pass gradually into the 
general surface lying between the different polyps. There appears thus to be a gradual 
transition from the base of the polyp into the rind of the ccenenchyma, and no 
differentiation into a calyx. The spicules of the polyp are numerous, and protrude so 
much on the surface as to produce roughness to the touch. With a low power, the — 
external surface of the stomodeeal part appears as if studded with small rough 
tubercles which are the protruding heads of clubs, spheres, and double spheres. In 
spirit, the spicules are of a coral-white colour. 

‘Transverse sections through the polyp show that the muscles are well developed, 
the siphonoglyphe is ciliated, the mesenterial filaments are well developed, and the 
dorsal and ventral intermesenterial cavities are slightly smaller than the other six. 
The ciliated groove is directed towards the external ccenenchyma or rind. The 
ccenenchyma contains about a dozen canals. The rind of the coenenchyma contains a 
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very large number of spicules, the central part also a considerable number, but not so 
many. ‘The more internal canals are slightly larger than those of the exterior. 

The spicules on the crown at the bases of the tentacles are mainly spindles with 
short spinous processes. In the stomodzeal part of the polyp there are spheres, double 
spheres, and clubs. The last are the most numerous and prominent. ll these spicules 
are provided with thick, blunt processes (protuberant tubercles). Spicules are absent 
in the wall of the stomodzeal tube. The spicules of the external ccenenchyma are 
spheres, double spheres, spindles, and clubs. These are, as a rule, provided with 
protuberant tubercles. The spicules of the internal coenenchyma are spheres, double 
spheres and double clubs, all with protuberant tubercles. The spicules of the basal 
connecting part, namely, that part connecting different polyp lobes together, are double 
_¢clubs. It may be noted that spindles are characteristically present in the polyps and in 


Fie. 1. 


the external ccenenchyma, but are not found in the internal ccenenchyma and basal 
connecting part. 

The adjoining figure shows the spicules of Alceyonum purpureum :—(a) spicules 
of the polyp; (b) spicules of the external ccenenchyma; (c) spicules of the internal 
coenenchyma ; and (d) spicules of the basal connecting part of the colony. x 150. 

The following measurements of the spicules may be noted :— 

a. From the polyps :—(a) Spindles, from 0°1054 by 00340 to 0:246 by 00340 mm. ; 
(b) clubs, from 0°136 by 0°102 to 0:2754 by 0°102 mm., and from 0°153 by 0°0595 to 
0°2754 by 0°102 mm. ; (c) spheres and double spheres, from 0°136 by 0°119 to 0°170 
by 0°119 mm., and from 0°136 by 0°119 to 0°1615 by 0°1275 mm. 

b. From external coenenchyma :—(a) Spindles, from 0°085 by 0°0425 to 02635 
by 0085 mm. ; (0b) spheres, from 0°119 by 0°0935 to 0°153 by 0°186 mm.; (c) double 
spheres, on an average, 0°170 by 0°102 mm. ; (d) clubs, on an average, 0'1445 by 0:068 
mm. ; (e) double clubs, from 0°085 by 0:068 to 0°136 by 0°085 mm. 

c. From internal coenenchyma :—(w) Spheres and double spheres, from 0°1275 by 
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0085 to 0°306 by 0°170 mm.; (b) double clubs, from 0°102 by 0:068 to 0°153 by 
07102 mm. ; 

d. From basal part connecting the polyp lobes:—Double clubs, from 0°085 by 
0°085 to 0°1275 by 0°935 mm. 

The large specimen showed a very large number of gonads, or possibly embryos _ 
(Plate IIT. fig. 16); these were sometimes so abundant as to fill up the canals to a 
great extent. I reserve these for future study. 

Hickson has already described this species from Mossel Bay, Cape Colony. This 
form is specially noteworthy on the shore at Kalk Bay and other places, on account of 
its briliant purple colour. This pigment disappears very readily during the process of 
preservation, although numerous endeavours were made to retain it. 

Hickson’s largest specimen was smaller than the specimen here described. The 
number of lobes in his specimen was 15, in mine there are as many as 40. The lobes 
in his example had a larger diameter, namely, from 8 to 15 mm., in mine from 6 to 
7mm. ‘he diameter of the polyps appears to be approximately the same. 

In connection with my description of this species, I take the opportunity of mention- 
ing my indebtedness to Professor Hickson, who most kindly allowed me to examine 
the specimens described by him from the Cape as well as preparations of the spicules. 

Locality, etc.:—P.F. 739. Between Roman Rock and Cape Recife. Depth, 
17 fathoms. By dredge. Nature of bottom, coral. This species is also frequently 
found on the shore at Kalk Bay, Gordon’s Bay, and other places. It is distinetly 
a shallow-water form. 


Alcyonum fauri, n. sp. 
Plate I. fig. 5; Pl. IV. fig. 44. 


This description is based on a single specimen. ‘The colony is encrusting, and 
consists of a fairly hard, compact mass of closely adjacent lobes bearing the polyps. 
Each lobe is more or less hemispherical in shape, and the polyps borne on the 
circumference are continued internally into the soft coenenchyma. The lobes have no 
stalks, but all arise from a common, horizontal, encrusting lamella. This basal, 
horizontal expansion projects externally at some places, to a slight extent, beyond the 
basal edge of the polyp lobes. It is provided with numerous spicules, and contains 
horizontally directed canals. Its thickness is from 1 to2 mm. The number of lobes in 
the colony is about 20, but in the case of the small lobes, the line of separation is not 
very distinct. The colony measures 41 mm. in length, 32 mm. in breadth, and 9°5 mm. 
in height. The colour of the colony is light brown. 4 

The number of polyps in the lobes varies considerably ; one of the smaller lobes 
shows about 20, and one of the larger from 50 to 60. A large lobe measures 11 mm, 
long, 11 mm. broad, and 9 mm. high. The polyps appear to have no definite arrange- 
ment, but they are more numerous and better expanded at the margins than in the 
centre of the lobes. | 


THE ALCYONARIA OF THE CAPE OF GOOD HOPE AND NATAL. 569 


The polyps show varied degrees of expansion and contraction, the best expanded 
showing tentacles and pinnules, the most contracted being withdrawn and covered over 
by the ccenenchyma. On retraction, the tentacles are apparently drawn downwards, 
but the pinnules are not inverted. A well-expanded polyp extends about 3 mm. above 
the surface of the ccenenchyma, and has a diameter of about 1mm. The diameter of a 
fairly contracted polyp extends about 0°35 mm. on the surface of the ccenenchyma. 
The calyx is not well defined. ‘The well-expanded polyps at the margins of the lobes 
lie closely adjacent to one another; in the centre of the lobes, however, contracted 
polyps may be separated by an interval of 1 mm. Some of the better expanded polyps 
show eight faint, longitudinal lines on the surface. Hach tentacle bears at least 9 pairs 
of pinnules. ‘The polyps themselves have apparently no spicules, though these are 
ageregated in large numbers at their bases. A fairly contracted polyp has the appear- 
ance of a swelling with eight lines on its surface, or is merely a papilla without any 
such differentiation. 

The following points in the internal anatomy may be noted :—The muscles are 
large, and the invaginated ectodermal wall of the stomodzeum is thick. In the 
uppermost part of the polyp, the siphonoglyphe is not well defined, but further 
down it is wide and possesses numerous cilia. In several polyps, the siphonoglyphe 
is seen to be situated towards the outside, or, in other words, away from the centre 
of the coenenchyma. ‘The endodermal layer in the stomodeal part of the polyp is 
extremely well developed. ‘lhe mesenterial filaments, when well developed, appear to 
be grouped in 4 or 5 lobes on each mesentery. The cavity of each polyp is continued 
into a canal, which passes down through the coenenchyma to near the base of the colony. 
At the very base, these more or less vertical canals communicate with one another, and 
expand into others which run horizontally in the Jamella-like, encrusting part. 

An interesting feature was the occurrence of female gonads and eggs in the canals 
of the ccenenchyma, and also more rarely in the part of the exposed polyp containing 
the mesenterial filaments. The eggs showed nucleus and nucleolus very clearly. As I 
have only one specimen of this species I am unable to follow up the study of these 
gonads and eggs. 

The spicules are found in the flat, encrusting, basal part of the colony, and in the 
coenenchyma at the base of the polyp. I had hesitation in deciding whether the latter 
spicules belonged properly to the polyps or to the ccenenchyma, but sections lead me 
to think that the spicules of the external coenenchyma are simply more abundant at the 
base of the polyps. There are no spicules in the internal ccenenchyma. ‘The spicules 
of the encrusting base do not vary to any extent, either in size or shape, from those of the 
polyp-bearing part. They are in both cases double wheels, and have the following 
dimensions :—From 0°0999 by 0°:0729 to 01215 by 0:0837 mm., and from 0°1026 by 
00675 to 0°1215 by 0°0945 mm. The rind of the lobes is hard and compact, but this 
is due not so much to the spicules as to a fibrous condition. 

This form shows a number of points of resemblance with Alcyoniwm globuliferum, 
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Klunzinger, as described by him from the Red Sea. In both, the colony is encrusting, 
and KiuNzINGER describes the colony of Aleyonvum globuliferum as brain-like in 
appearance, a term which might with some slight stretch of imagination be also applied 
to this species, especially if all the polyps had been in the retracted condition. In 
both, the lobes composing the colony are pressed close together and flattened on their 
adjacent sides, their shape above is flat-spherical; the lobelets are separated by narrow 
grooves, and the colour of the polyps is brown. I place my form as a distinct species 
on account of the following differences :—In Alcyonium globuliferum, the lobes bearing 
the polyps stand on stalks ‘5-1 em. in height; in Alcyonvwm fauri, there are no stalks. 
In Alcyonium globuliferum, the polyp lobes are larger, the greatest being 2-3 cm. 
broad; in A. faw, only 1:1 em. broad. ‘The spicules of the two species differ in shape. 
The colour of Aleyonium globuliferum is very white, of A. fauri brown, but one cannot 
take the latter as an important specific character. A. fauri resembles A. purpureum, 
Hickson, in the absence of a stalk to the polyp lobes, but differs from it in habitus, in 
the absence of a soluble pigment, in having shorter polyp lobes, in the absence of spicules 
arranged in triangular shields on the upper part of the polyp, and in other features. 


I have named this species after the Government steam trawler at the Cape, the ~ 


Pieter Faure, on which these specimens were collected. This steamer received its 
name from the Minister of Agriculture, Sir Pieter Faure, who took much interest in the 
development of fishery and marine biological investigations in South Africa. 

Locality, etc. :—‘‘ Pieter Faure,” No. 10,130. Cape St Blaize, N.N.W. 8 miles. 
Depth, 36 fathoms. By large trawl. Nature of bottom, mud and sand with black 
specks. Date, August 27, 1900. 


Alcyonium pachyclados, K1. 
Plate II. fig. 14; Pl. IV. figs. 33 and 34, 


It may be doubted whether this form should not be placed under the genus 
Lobularia, Savigny, but as Hickson has recently recorded this identical species from 
Cape waters as Alcyonium pachyclados, I hesitate to introduce a change. The genus 
Lobularvia was founded by Savieny and Lamarck in 1816. In 1857 Mitne-Epwarps 


published a revision, and referred Lobularia to the genus Alcyonvwm. KLUNZINGER — 


(1877) described a number of species, including the one here under discussion, and placed 
them under the genus Alcyonium. Wricur and Strupp (1889) separated Alcyonvum 


from Lobularia, regarding the latter as a tropical genus. Professor SrupER has shown ~ 
me a form from Zanzibar which he regards as a typical Lobularia, and my specimen — 


appears to be more allied to it than to the genus Alcyonium. Wricur and SrupER 
wrote as follows:—‘ Lobularia can hardly be separated from Alcyoniwm, and 
K1LUnzincEeR has included it in the same genus. Yet one may with HaRENBERG 
distinguish as Lobuwlaria forms, those Alcyonids in which the short broad stem is 
furnished with a number of lobes and lappets and in which the ccenenchyma is very 
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thickly beset with short calcareous spicules, especially double-clubs, ordinary clubs 
and spindles, so that it acquires a thick leathery consistence.” 

In the Museum of Natural History, Berne, EarenBERG’s type specimen of Lobularia 
pachyclados is preserved, and I have been able to compare it with the specimen here 
described. 

My specimen agrees well with the description and figures of Alcyonvwm pachyclados, 
Klunzinger, but in his account there is no information regarding the anatomy. As 
my specimens were sufficiently expanded to enable me to count the number of pinnules, 
this and other points may prove of systematic value. 

Hickson had a red, a yellow, and a white specimen from the Cape. ‘The red speci- 
men was a female, the yellow specimen a male, and the white specimen apparently in a 
neutral condition. In my case, the specimens show the reverse, the female being yellow 
and the male red ; thus the colour is obviously not to be regarded as a sexual character. 

THomson and M‘Quren (1908) record Aleyoniwm spherophorum (Ehrenberg) 
from the Sudanese Red Sea, a species originally described from that locality by 
Kiunzincer. ‘The authors suggest the incorporation of A. pachyclados and A. 
spherophorum as one species. They are also inclined to think that A. globuliferum, 
Klunzinger, A. digitulatum, K1., A. brachyclados, Ehrenberg, and A. pachyclados, K1., 
should all be referred to one species, viz. A. spherophorum. 

May has recorded A. pachyclados from Albay (Luzon) and from Zanzibar. Prarr 
has personally examined and compared forms of Alcyonwwm pachyclados from 
the Cape with specimens of the same species from the Maldives and New Britain, 
which are found to be identical with Alcyoniwm pachyclados, K1., from the Red Sea. 
The author finds that the forms of this species from the Cape, Maldives, and New 
Britain agree with one another in all important features, only differing in form and 
colour. Pratr therefore holds that here we have identical forms collected from 
tropical waters and a temperate? region (the Cape), and that therefore one can no 
longer regard Alcyoniwm as an extra-tropical genus. From this fact and the 
somewhat vague diagnosis of Lobularia, PRATT maintains that this genus should 
be deleted from the family Aleyonide. The point on which I mainly disagree with 
Prarr’s argument is that of regarding South African seas as necessarily temperate. 
As a consideration of isothermic lines will show, the water temperature on the east 
coast of South Africa is at the least only on the border between tropical and temperate. 

The forms of A. pachyclados compared by PRatrr were found in the Red Sea, in 
tropical seas, or in a region influenced by tropical currents. A warm tropical current 
flows from the Indian Ocean down the east coast of Africa (where these forms of 
A. pachyclados occur). This warm current, known respectively as the Mozambique, 
Natal, and Agulhas currents, influences the nature of the fauna on the east coast of 
South Africa. GricHrist has pointed out examples showing the difference between the 
fauna on the warm east coast, as compared with that on the west coast, where the 
fauna is influenced by the cold Benguela current. 


572 DR J. STUART THOMSON ON 


My description is based on several yellow specimens and one red example from 
different localities. The colony is composed of a massive primary or central trunk 
which gives off secondary branches, and these in their turn may have tertiary 
or terminal branches. The following measurements may be noted :— 


Yellow Red 
Specimen. Specimen. 
a = . 
Height of colony, . . 2 : : . | 34:0 mm. 54°0 mm. 
Diameter of colony, . : ; || 33:0 a GoLOmre 
Length of primary or central trunk, ‘ ; . | 145 - SOs. 
Diameter of central trunk, : ; ; a | oe) , 34:0 ,, 
About . 
Length of polyp-bearing part of colony, . . | L955 3 24:0 _,, a 
Length of secondary branches, . ; ; ‘ 5:0 4 GO). \" 
Diameter of secondary branches, : : ; 8-0 ne O;Oae 7 
Length of terminal branch, : : : j 4:5 5 BO) re ' 
Diameter of terminal branch, : : 4:0 on 40 ,, 
Length of polyp with tentacles and pinnules, Se oes (None of the 
Diameter of spread of tentacles, : : NEIOT ae polyps were 
Diameter at base of polyp, . ; ‘ al O42 Dias, extended) 


The polyps are irregularly scattered on the entire surface of the colony, except on 
the basal part of the trunk. The polyps are completely retractile, and in this condition 
are covered over by the general surface of the coenenchyma, which is very abundantly 
provided with small spicules. The rind cannot, however, be described as hard. There 
is apparently no calyx. 

In my specimens the polyps were, as a rule, withdrawn, but when not so were seen 
to be small, colourless, and entirely devoid of spicules. In regard to the system of 
canals in the ccenenchyma, it is that of a typical Aleyonium arrangement. ‘The 
ecelentera are continued as canal-like tubes down the trunk. In regard to the structure 
of the polyps, the siphonoglyphe is ciliated and directed towards the exterior or away 
from the centre of the colony. Neither the muscles nor the mesenterial filaments are 
well developed. The polyps are almost entirely white, and are devoid of spicules. 
The number of pinnules in a tentacle is eighteen. 

The spicules of the colony are mostly double spheres; there are also a few much 
smaller and more irregular spicules which are more or less oblong, but with a narrowed 
median part and with four or more spines at the margin. The spicules are distributed 
in the external coonenchyma of the polyp-bearing part, and in the rind of the trunk, 
but there are either none or very few spicules in the centre part of the colony. The 
double spheres of the yellow specimens measure from 0°0256 by 0°0189 to 0:0513 by 
0°0351 mm. ‘The double spheres of the red specimen measure from 0°0486 by 0°0378 
to 0°0594 by 0°04455 mm. The small, more irregular spicules measure approximately 
00270 by 0:0189 mm. The red specimen contains a few yellow spicules, although the 
majority are naturally red. 
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In sections of the yellow-coloured specimen, the occurrence of female gonads and 
egos in the canals of the ccenenchyma was readily observed. The eggs were apparently 
mature, and their structure was very clear, the nucleus and nucleolus being very 
distinct. Sections of the red specimen showed the presence of numerous male gonads. 
The male gonads showed a central mass consisting of sperms surrounded by a thin, 
structureless, membraneous wall, and this latter by an epithelial layer of cells. 

Localities, ete.:—P.F.12,979. Yellowvariety. Gonubie River, N.W. by W.2 W. 3 miles. 
By dredge. Depth, 20 fathoms. Nature of bottom, broken shells. Date, July 11, 1901. 

P.F. 1085. Red variety. Algoa Bay, between Roman Rock and Cape Recife. By 
dredge. Lat. 34° 0’ 45” 8.; long. 25° 48’ 45” EK. March 7, 1899. 

Specimens of both varieties were obtained from a number of other localities, and 
this species must be regarded as common in South African seas. 


Alcyonium rotiferum, n. sp. 
Plate I. figs. 3 and 4; Pl. IV. fig. 38. 


This description is based on one complete and two incomplete colonies. The 
specimens were well preserved, and the polyps were expanded. The colony consists of a 
number (in my specimen about 12) of slender cylindrical lobes, the stalks of which 
unite slightly together at their bases. These lobes sometimes pass into smaller lobes 
or lobelets. The bases of the stalks are slightly turned inwards so as to form a support- 
ing basis for the colony. The length of the stalk parts is comparatively short, namely, 

o 4 the length of the polyp-bearing branches. The rind of the colony is tough 
and leathery, and has numerous spicules—more so than the centre. The surface of the 
stalk and polyp-bearing part is marked by characteristic folds which divide it up into a 
number of distinct areas, and give it a somewhat crumpled appearance. 

The surface of the stalks and of the polyp-bearing parts is of a yellow colour pro- 
duced by numerous spicules. These spicules, when cleaned and isolated, appear to the 
naked eye like minute grains of gold. The polyps are seen on the yellow ground-mass 
as beautiful, white, flower-like structures. They are present in various states of ex- 
pansion and retraction, and have an arrangement approaching a spiral. At the apices 
of the lobes, one large polyp is generally seen surrounded by four smaller ones. The 
following measurements were taken :— 


Maximum length of colony, . . 43°0 mm. 
Maximum breadth of colony, : ead UeDihs: 
Length of longest lobe of colony, ' ee DiOl 55 
Length of part of above, which bears nalps, BTESONG Oe 
Greatest diameter of lobe, . . . al paisa 
Length of common basal part of colony Gaanls more or 

_ less united), Gio OvOOuas 
Breadth of last at base,  ukOL ots, 
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The polyps are enveloped at their bases by yellow calyces with numerous spicules. 
These calyces are eight-partite above, but apparently the parts may become partially sub- 
divided lower down. The polyps are completely retractile within the calyx. There is 
remarkably little connection between the polyp proper and the calyx, and thus it is a 
simple matter to slit open the calyx and remove the polyp. The polyp proper has no 
spicules. The tentacles have about eight pairs of long narrow pinnules. The length of 
the polyp after removal from the calyx is 3°0 mm., its greatest diameter 2°0 mm., the 
diameter of spread of extended tentacles about 2°0 mm., the height of the calyx about 
1°9 mm., the diameter of the calyx about 2:0 mm. The polyps are separated from one 
another by a distance of about 2 mm. 

Transverse sections show that the stomodeeal wall is fairly thick, the siphonoglyphe 
is ciliated, and the muscles and mesenterial filaments are pretty well developed. 
Transverse sections through the apical part of the coenenchyma show that the young 
polyps situated in that region have only feebly developed muscles. It is also seen 
that the ciliated groove is directed towards the rind or away from the centre of the 
coenenchyma. 

The coenenchyma of the polyp-bearing part shows the following structure :— 

The rind contains numerous yellow spicules, which are double wheels of small size ; 
in the central coenenchyma there are also double wheels, but these are comparatively 
few in number. The canals of the external coenenchyma are larger than those of the 
centre. In some parts, this reduction in the size of the central canals is very well. 
marked, producing greater compactness and some degree of solidity at the centre. 
It may be that we have here a hint of a transition towards the formation of a 
central axis. 

The stalk portions have a very irregular outline, partly due to the presence of 
numerous spicules and partly to surface folds. The stalk portions show numerous 
spicules (double wheels) in the rind, but comparatively few in the centre. The canals 
of the stalks have a somewhat similar arrangement to that in the polyp-bearing part, 
but the rind is much thicker; the canals are smaller, and do not decrease in diameter 
towards the centre. 

The spicules of all parts are double wheels. These double wheels are most abundant 
in the calyx and more external parts of the colony, but they are also present in smaller 
numbers towards the centre. Externally, the spicules lie very close to, and almost 
protrude above, the surface. When a portion of the rind is treated with dilute eau de 
Javelle and subsequently dried, a small portion of each wheel is seen to protrude above 
the general surface of the ectoderm. The spicules from all parts may be termed double 
wheels, but it will be noted from the following measurements that they are not quite 
circular, the length being greater than the breadth in most cases. 

Dimensions :— 

(a) From the rind of the trunk, from 0:0432 by 0°0851 to 0:075 by 0°0621 mm., 

and from 0:0486 by 0°0324 to 00729 by 0°0648 mm. | 
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(b) From the centre of the trunk, from 0:0540 by 0°513 to 0:0621 by 0°0513 mm. 

(c) From the calyx, from 0°0378 by 0:0378 to 0°0567 by 0°:0405 mm. 

(d) From the external and internal ccenenchyma of polyp-bearing part, from 0°0324 

by 0:0297 to 0:0567 by 0:0459 mm. 

Locality, ete. :—P.F. 13,553. Kuskamma Point, N.E. by E. 5 miles. By dredge. 
Depth, 33 fathoms. Nature of bottom, rocks and broken shells. Date, August 27, 
1901. 

This species appears to come nearest to Alcyoniwm glomeratum, Hassall, and 
Alcyomum flavum, Quoy and Gaimard, but has clear distinctive characteristics which 
separate it from both these forms. 

Mitne-Epwarps gives the following diagnosis of Alcyoniwm glomeratum :— 

“ Polypiéroide se divisant trés-profondément en un nombre considérable de lobes 
digituformes: Polypiéroide a surface rude.” 

This diagnosis agrees fairly well with my form, but on referring to figures, one 
sees that the lobes do not originate so near the base as in my species. 

A. glomeratum was described from the coasts of Great Britain, and has more 
recently been recorded by Hickson from Talili Bay, New Britain. The spicules of 
Aleyonum glomeratum seem entirely different from those of my species. This 
Species appears also to have some points of resemblance with A. flavum, Quoy 
and Gaimard, but one gathers that the latter has a more arborescent and compressed 
form; that the lobes are pointed, not rounded at the apices, and that the polyps 
are smaller. 

The chief characteristics of the new species are as follows :— 

The lobes originate from the base of the colony ; the surface of the colony is fairly 
hard and much wrinkled, and the stalk passes gradually into the polyp-bearing part. 
The tentacles are petal-like; there are no spicules in the upper part of the polyp; 
the spicules of the other parts of the colony are small, and have the form of double 
wheels. 


Capnella rugosa, Kiikenthal. 
1901, Nephthya rugosa, Kiikenthal. 
1903, Capnella rugosa, Kiikenthal. 


Plate II. fig. 10; Pl. IV. figs. 42 a—c. 


This description is based on one complete specimen and a small fragment of 
another. 

The colony consists of a trunk, and an upper portion bearing the polyps in lobes 
or tufts. The colour is, in formalin, light brown, the trunk being of a lighter 
colour than the polyp-bearing part. The general surface of the trunk is marked by 
a number of longitudinal lines or grooves, and in its upper part by circumferential 
wrinkles, 
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The dimensions of the colony were as follows :— 


Length of colony, . ; . . 63°0 mm. 
Length of trunk, : : 5 Se) tae 
Diameter of trunk at junction with ae ee mare a 8 Os 
Diameter of trunk at middle, ; ; : =. On ae 
Diameter of trunk near base, EP KOLOY es 
Length of polyp-bearing part (including pols) neroz.0 le 
Diameter of above at middle, : we Aiea 
Diameter of above near apex, lcm, 
Diameter of above near base, P ; : =; LalG: Sane 


The polyps are grouped in tufts or lobes thickly crowded on the upper portion of 
the colony. In the specimen described, these lobes numbered about fifty. The lobes 
are sometimes subdivided into several (2-7) smaller lobes or lobelets, but the line of 
separation is not very distinct. At the base of the polyp-bearing part, the lobes are 
simple and undivided. The lobes vary from 5°5 mm. in length and 3:0 mm. in diameter 
to 8°0 mm. in length and 7°8 mm. in diameter. The size of the polyps varies, some 
measure 2 mm. in iength and 1 mm. in diameter. 

The arrangement of the polyps on the lobes does not appear to be after any definite 
plan, but when looked at from the surface, they frequently resemble a miniature blackberry. 
The surfaces of the polyps are extremely well armed with spicules, in the form of three- 
rayed and foliaceous clubs, which project all over the surface, and are provided with 
thorny processes. At the apex of the polyp, the spicules are grouped into eight folds. 
This is, however, observed only when the mouth of the polyp is looked down upon 
from above. There are no “‘Stiitzbiindel.” The tentacles are not retracted in all cases, 
but on retraction, they appear to be drawn back or down in a manner similar to that 
described as taking place in Alcyoniwm digitatum. The calyx is apparently absent. 

The wall of the stomodeeum is thick, and the siphonoglyphe is ciliated, and directed 
towards the exterior or away from the centre of the colony. The muscles are only 
slightly developed, and the dorsal and ventral intermesenterial cavities are slightly 
smaller than the other six, thus producing a tendency towards bilateral symmetry. 
The mesenterial filaments are well developed. 

The canals of the main trunk have fairly thick walls, and the latter show a number 
of spicules. These canals are wide, and those in the centre are larger than those in the 
rind, ‘Their number appears to be about fifty, and they are connected with one another 
by capillary tubes. The continuations of the polyp cavities must evidently unite with 
one another in their downward course through the trunk. 

The spicules are very numerous, and give a hard texture to the entire external 
surface of the colony. They are more especially abundant on the polyp portion, 
projecting slightly from the surface, and must form a very efficient source of protection. | 

They also appear to be more plentiful towards the apex of the colony. In the trunk, 
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they are more numerous in the rind than in the interior. In the central ccenenchyma 
of the polyp lobes, the spicules are fewer in number, but at the same time larger than 
in the external part. The spicules of the polyp-bearing parts of the colony are three- 
rayed or foliaceous clubs, one-sided clubs, ordinary clubs, straight and curved spindles. 
All are beset with broad, thorn-like processes. They measure as follows :—Spindles, 
from 0°119 by 0:034 to 0°323 by 0°085 mm.; clubs, from 0°136 by 0°102 to 0°340 by 
0°119 and 0°2414 by 0°1326 mm. 

The spicules from the rind of the trunk are mainly stars and double stars. Their 
dimensions are as follows :—From 0°102 by 0°102 to 0°187 by 0°1445 mm., and from 
0°068 by 0°591 to 0°153 by 0°1275 mm. 

The spicules of the internal trunk are stars, double stars, spheres, and spindles. The 
spheres measure from 0°1360 by 0°119 to 0221 by 0°153 mm.; the spindles, from 
0°1275 by 0°1071 to 0°204 by 0136 mm. 

Locality, etc. :—P.F. 12,993 and 12,994. Gonubie rocks, N.W. by W. 2 W. 3 miles. 
By dredge. Depth, 20 fathoms. Bottom, broken shells. Date, July 11, 1901. 

There can be little doubt that this form is identical with Capnella rugosa already 
described by KUKentTHaL from South African seas. His specimen was, however, found 
at a greater depth, namely, 155 metres. KtUxenruat has published such admirable 
descriptions and figures of his species that the process of identification is rendered 
easy. At first | regarded this species as an Hunephthya, but the latter author regards 
as an essential distinction between Hunephthya and Capnella that in the last-named 
genus, the walls of the canals are richly supplied with spicules, whereas in the former 
the reverse is the case. he canal walls in my specimen contain fewer spicules than one 
would expect to find from his description. At the same time, there is a clear 
distinction in this respect from that of Hunephthya thyrsoides, Verrill, described in 
this work (p. 580), and so far KUKENTHAL’s diagnosis of the two genera appears to be 
well founded. My specimen was larger than KUxkenruat’s, but the proportional 
measurements are approximately the same. On the other hand, the polyps of my 
specimens are apparently larger, but this is a character which would naturally vary with 
the mode of preservation. A more important difference lies in the fact that the 
spicules of the polyps are smaller in my form. ‘The fact that the two specimens were 
collected at very different depths is not an insurmountable difficulty, as one finds that 
among the Nepthyidz, in one and the same species considerable fluctuations occur in this 
respect, thus Paraspongodes fruticosa, Sars, has been dredged at depths of 20-7438 
fathoms. 

This species, Capnella rugosa, Kiikenthal, was first collected during the Valdivia 
Exepdition off the South African coast. Capnella rugosa shows generic affinities with 
Paranephthya capitulifera, Studer. 
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Capnella gilchristi, n. sp. 
Plate II. fig. 11; Pl. IV. figs. 40 ac. 


The colony consists of a basal trunk, and an upper part bearing the polyps, which 
are in berry-like clusters or lobes. These lobes are frequently subdivided into smaller 
lobes. The lobes are 20-25 in number, and they lie close to one another, not being so 
much separated as in Capnella rugosa, Kiikenthal. The lobes are situated on short 
stalks, about 1 mm. in length. The colour of the specimens is dark brown. The polyps 
are not retractile, but the tentacles can be completely withdrawn within the stomodzeal 
The surface of the trunk is marked at intervals by irregular, somewhat circular 
The dimensions of the specimens are as follows :— 


part. 
lines or wrinkles. 


Specimen A. | Specimen B. 


Length of colony, 35°0 mm. 32°0 mm 
Length of trunk, S25) 65, 15:0 ,, 
Diameter of trunk, . é 12°0 .,, 1255 ,, 
Length of polyp-bearing part, IIGGey" Shay 
Diameter of polyp-bearing part, LOO %S 15:01, 5, 


Length of polyp cluster or lobe, . ; 8 
Diameter of polyp cluster or lobe, ; 6: 


The polyps with retracted tentacles measure approximately 2 mm. in length and 
1°5 mm. in breadth. The calyx is apparently absent. The spicules of the polyps are not 
arranged in “‘ Stiitzbiindel,” though the heads of foliaceous clubs project on the convex 
surface. ‘The arrangement of the polyp spicules is as follows: Firstly, from long 
spindles or clubs, which are situated on the basal part of the polyp, a longitudional row 
of spicules (also spindles or clubs) runs up the more convex side of the polyp to .the 
apex, projecting a little externally and giving a very rough, sharp, and stony texture to 
this part. Secondly, on the concave side of the polyp, smaller spicules are seen, which 
also project on the surface, but not so much. The accompanying figure gives a better 
idea of this than any verbal description. 

Sections show anatomical features fairly similar to those of Capnella rugosa, 
Kiikenthal, but the spicules are differently arranged. The dorsal and ventral inter- 
mesenterial cavities are smaller than the other six, thus producing a tendency towards 
bilateral symmetry. The siphonoglyphe is ciliated, and directed towards the exterior 
or away from the centre of the colony. The wall of the stomodzal tube is thick, and 
apparently does not contain spicules. The muscles are poorly developed, but the 
mesenterial filaments are fairly large and prominent. 

The canals of the trunk are larger towards the centre. The rind has more spicules 
than the internal part, but the canals of the latter are surrounded by a fairly abundant 
mass of spicules. 
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The spicules of the polyps are (1) long, narrow spindles with many spines; (2) 
foliaceous and one-sided clubs ; (3) forked, divided clubs. 

The long spindles measure from 0°221 by 0°051 to 0°595 by (0561 and 0°459 by 
0°119 mm. 

The foliaceous and one-sided clubs measure from 0°238 by 0°102 to 0°408 by 
0°153 mm. 

The longer clubs, forked and divided at the apex, measure from 0°272 by 0°1785 
to 0°765 by 0°153 mm. 

The spicules of the external trunk are spheres, double spheres, and short spindles 
with broad expanded processes. 

The spheres measure from 0°0595 by 0:051 to 0°085 by 0°085 mm., and from 0102 
by 0°085 to 0°1105 by 0°085 mm. 


Fic. 2,—Diagram of the polyp of Capnella gilchristi, n. sp., showing the arrangement of the spicules. x 35. 


The short spindles with broad processes measure from 0°085 by 0:0765 to 0°119 by 
0°0952 mm. 

The spicules of the internal trunk are spheres and short spindles. They are not so 
abundant as in the rind. The spheres measure from 0102 by 0°085 to 0°136 by 
0°102 mm. 

The short spindles measure from 0°1054 by 0:09385 to 01275 by 0°1105 mm. 

Locality, ete. :—P.F. 13,123. Cape Morgan, N.N.E. 92 miles. By dredge. Depth, 
47 fathoms. Nature of bottom, broken shells. Date, July 25, 1901. 

This species agrees well with the diagnosis of the genus Capnella given by 
KUKENTHAL, namely: “Colonie aufrecht baumférmig, die nicht retractilen, un- 
gestielten Polypen ohne Stiitzbiindel, in Lappchen stehend, dicht mit zahlreichen 
Blattkeulen bewehrt. Canalwinde dick, und dicht mit walzenformigen Spicula 
erfiillt.” 

The distribution of this genus is confined to the Indo-Pacific Ocean, and three 
species have already been described from the coast of East Africa, namely, Capnella 
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rugosa, Kiikenthal, from the coast of Cape Colony; C. spicata, May, from Zanzibar ; 
and C. fungiformis, from the coast of Dar es Salaam. 

My species differs from other species of Capnella in the arrangement of the polyp 
spicules, which is as shown in the line figure (p. 579). 


Eunephthya thyrsoides, Verr. ) + 


) A4F gee Vink 1922 
) 


Nephthya thyrsordea, Vert. p.28G. 
/ 
Plate III. fig. 20; Pl. IV. figs. 41 a-c. 


This description is based on six or more specimens. 
The dimensions of two average-sized specimens were as follows :— 


Specimen A. | Specimen B. 


Height of colony, including base and polyps, —. 17°5 mm. i 
Breadth of colony, including polyps, : : || OS 2 
Height of basal part, ‘ : : : 8:0 5, 
Breadth of basal part at base, . ‘ ‘ > | SRD 
Breadth of basal part at middle, : 12:0 
Breadth of basal part at apex, . ; : : 8:5 
Height of polyp-bearing part of colony : : 90. 
Height of polyp, : . ; : 55 
Breadth of polyp, 2°0 


LPO DAATI DG 
OIDpnwNnooswmanasd 


The colony consists of a short basal trunk (frequently, slightly expanded in a 
horizontal direction), which soon becomes divided up into two or more branches on 
which the polyps are irregularly disposed. These branches may also be subdivided 
into smaller lobes. ‘The number of polyps in the colony varies ; in a larger colony, 
there are as many as 50 to 70. ‘The number of polyps on the branches also varies ; 
on some branches there are 5, on others 10 to 13 polyps. Near the trunk, a few 
young polyps appear to arise singly without any grouping into lobes. Some polyps 
are curved inwards towards the centre of the lobes, while others, and those fewer, are 
directed outwards at an angle. The polyps are apparently not retractile, but the 
tentacles are retractile within the stomodzeal part. ‘The polyps are well provided with 
spicules, mostly long spindles, which are arranged in eight longitudinal bands. The 
eight longitudinal bands are, however, connected with one another by intervening 
spicules, and terminate apically in such a manner as to protect the retracted tentacles. 
Towards the base of the polyp, the longitudinal bands of spicules run into one another, 
and form a more or less encircling ring of spindles. A calyx is apparently not — 
differentiated, but the apex of the polyp is expanded into a crown. 

The spicules project from the surface of the polyp, in the manner shown in VERRILL’S 
figure. One also finds that some of the spicules are similar to that shown in VERRILL’S — 
figure. In transverse sections, a few cavities were seen in the upper part of the wall 
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of the stomodzeal tube, and seemed to indicate the presence of spicules. The muscles 
are poorly developed. The mesenterial filaments are very large and conspicuous. The 
siphonoglyphe, which is broad and ciliated, is directed away from the centre of the 
colony. ‘The dorsal and ventral intermesenterial cavities are smaller than the other 
six, and the polyp thus has a tendency towards bilateral symmetry. 

The spicules occur in great numbers, and are especially conspicuous on the surfaces 
of the polyps. They give a hard consistency to the entire colony. The spicules of the 
polyps are curved spindles, straight spindles, and clubs. The curved spindles measure 
from 0°272 by 0°0595 to 0°459 by 0:088 mm. The straight spindles measure from 
0°1615 by 0°0645 to 0°595 by 0°408 mm. The clubs, or spicules between spindles and 
clubs, measure from 0°136 by 0°0765 to 0°527 by 0°085 mm. (the breadth being 
measured at the thicker, upper end). 

A rough section of the trunk shows that there is a great aggregation of spicules in 
the rind, but only a few in the central part. The spicules of the rind of the trunk are 
curved spindles, straight spindles, and short, broad spindles. Curved spindles are here 
not numerous, and measure from: 0°272 by 0:068 to 0°453 by 0:°085 mm. ‘The straight 
spindles are not so numerous as in the polyps, and measure from 0°1513 by 0°068 to 
0357 by 0:0544 mm. The short, thick spindles are the characteristic spicules of the 
trunk as contrasted with the polyps. They measure from 0°102 by 00714 to 0°'204 by 
0085 mm. A few clubs are present, measuring approximately 0°221 by 0:0935 mm. 
(the breadth being measured at the upper end). 

The spicules of the internal ccenenchyma of the trunk are not so numerous as those 
of the rind. They are curved spindles; straight spindles of slender form ; short, thick 
spindles, and irregularly shaped spicules. The curved spindles are not numerous, and 
measure from 0'255 by 0:085 to 0°425 by 0:°085 mm. ‘The straight spindles (also not 
numerous) measure from 0°153 by 0°068 to 0°323 by 0:085 mm. The short, thick 
spindles measure from 0°068 by 0°119 to 0°153 by 0:0935 mm. The clubs measure 
from 0°119 by 0°068 to 0:2295 by 0:085 mm. 

After a careful comparison of these specimens with the description and figures given 
by VerRILL, I have come to the conclusion that I am here dealing with young forms of 
Hunephthya thyrsoides, one of the two types on which this genus was founded. As 
the early literature of this species is rather difficult of access, and for the benefit of 
naturalists in South Africa, I quote from the original descriptions :— 


Nephthya thyrsordea, Verrill. 


“Polyps forming thyrsiform branches of closely clustered branchlets, 3 inches high 
and 2 broad. Colour, wine-yellow or light brown, with a dark purplish tinge below 
the tentacles; tentacles nearly white; spicula forming elevated, transverse lines of 
silvery white on the stalks. Cape of Good Hope, 20 fathoms, rocks. Dr Wm. 
Stimpson.” 
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Nephthya thyrsoidea, Verrill. Plate vi. figs. 8, 8a, 80. 


“Corallum thyrsoid, consisting of a pyramidal head of compound, glomerate clusters 
of polyp cells, supported by a short, thick pedicel. The short branches arise from all 
sides of the main trunk and spread abruptly, dividing at once into numerous small 
rounded lobes, which are densely covered by the crowded polyps; cells larger than the 
preceding less thickly covered by the spicula, which are yellowish gray and quite 
small. Height of the largest specimen, 3 inches, diameter 2, diameter of pedicel ‘5, 
length of naked part °75. False Bay, Cape of Good Hope.” 

‘Taken commonly in small clusters, rarely in large ones, in 20 fathoms, rocks. Oct. 
1853. Colour, wine-yellow or light brown; polyps, dark purplish under the tentacles ; 
the latter palish, nearly white; stalks with irregular, elevated silvery lines of spicula. 
Dr Wm. Stimpson.’ 

It is to be noted that the last paragraph was not written by VERRILL. 


Eunephthya thyrsoides, Verrill. 
Nephthya thyrsoidea, V. 


‘Spicula mostly long, thorny, club-shaped, ‘600 of a millimetre to 1:00 long, by *100 
to ‘200 thick ; and stouter very thorny clubs, *300 to ‘500 long, by 125 to ‘250 broad ; 
and rough sharp, three-pronged spicula, ‘275 to 325 long, by °150 to ‘250 broad. The 
thorny ends of these spicula project from the surface of the verruce, especially towards 
their summits, giving it a very rough appearance. Dr Gray, in the work cited above 
(Ann. Mag. Nat. Hist., ser. 4, vol. iii. p. 121, Feb. 1869), erroneously places this 
species as a synonym of Verrilliana thyrsoides, Gray (Ammothea thyrsoides, Khr.), 
from which it differs widely.” 

KUKENTHAL has emended les genus Hunephthya, and places EH. thyrsoides, ver 
under ‘‘ Species incerti generis.” He regards it as probable that EH. thyrsoides does not 
belong to the genus Hunephthya but to Capnella. We must, however, bear in mind 
that EH. thyrsoides is one of the two types on which this genus was founded. In 
Capnella, the walls of the canals are very rich in spicules, a character which is not 
found in my specimen. In my specimens, it is also noteworthy that the polyps are 
frequently but not always curved inwards towards the centre of the lobes. It appears 
to me that too much stress should not be placed on this character as a distinctive 
feature. 

Sruper’s admirable definition of the genus Hunephthya, Verrill, is as follows :— 
‘““Nephthyidze de forme arborescente; polyps rigides, non rétractiles, en faisceaux a 
’extrémité des branches, sans spicules de soutien. Ccenenchyme mince; |’épaisseur 
des branches est surtout formée par les tubes des polypiers. Les sclérites sont des 
spicules en forme de fuseaux trapus, de massues et de doubles étoiles.” 

Locality, ete. :—P.F. 13,361. Cape Morgan, N.W. + W. 64 miles. By dredge. 
Depth, 45 fathoms. Nature of bottom, broken shells. Date, August 13, 1901. 
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Malacacanthus rufus, nov. gen. et spec. 
Plate I. fig. 6. 


This form appears to possess features sufficiently distinctive for the founding of a 
new genus. Its most remarkable character is the apparent absence of spicules. In 
many other features it approaches the genus Anthomastus; the latter, however, is 
regarded as a deep-water form. 

Diagnosis.—Colony agariciform, consisting of a sterile trunk with a somewhat 
fibrous rind, and a sharply defined, hemispherical, polyp-bearing part. Zooids with 
distinct dimorphism. Autozooids numerous, much larger than the siphonozovids, and 
not more abundant at the margin than at the centre of the ‘“pileus.” Autozooids 
retractile within the calyx, which merges imperceptibly into the ccenenchyma. Spicules 
apparently absent. 

This description is based on two specimens, a large and a small one. The general 
shape of the colony is agariciform, consisting of a stout trunk (stipe) with a strong, 
fibrous, outer rind; and a head (pileus) bearing numerous autozooids and siphonozooids. 
The specimens showed autozooids in all degrees of expansion and contraction. The 
autozooids are not more numerous at the margin of the ‘“pileus,” or the reverse, 
but those nearer the centre are slightly larger and better expanded. The larger 
specimen arises from a coralline ground-mass which has a varied collection of animals 
grouped around it, such as Porifera, Actinozoa, Bryozoa, Sedentaria, Balanide, 
Lamellibranch valves and compound Ascidians; these are reserved for further 
investigation. 

The general colour of the colony is red, but this varies in tint at different parts ; 
thus the trunk is of a deeper red than the “‘pileus,” which latter may, as in the 
younger specimen, be yellowish red. The colony as a whole has a very soft texture, 
the only portion which has to any extent a firm character being the outer rind of the 
trunk. The surface of the trunk is very irregular, being marked by depressions, varied 
longitudinal and transverse lines and wrinkles. The base of the larger specimen 
expands horizontally into a membrane, which creeps over the ground-surface on which 
the colony rests. Sections through the trunk show numerous canals connected by 
smaller ones. No spicules were observed in either of the specimens. As the specimens 
were preserved in formalin, I thought it possible that the spicules had been dissolved 
by acid, and I therefore made a number of thin sections from different parts of the 
colony in order to observe whether spaces occurred in which spicules might have been 
lodged previous to the preservation in formalin. As a result of this examination, 
however, I was unable to find any spaces similar to those seen in other Alcyonarians 
after the dissolution of spicules by maceration. The specimens showed no trace of 
bad preservation. 
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The following measurements of the two specimens may be noted :— 


Large Small 
specimen, specimen. 
Height of colony, including ares s polyps, ; 29 mm. 29 mm. 
Height of “stipe,” . , W3} 5 Wey 55 
Diameter of “stipe” at middle, IWS). 5 
Diameter of horizontally expanded base of ot hs The base did 
“stipe,” not expand to 
any extent. 
Height of ‘‘pileus,” including expanded polyps, . IC 16 mm. 
Diameter of “‘pileus” at base, . ‘ ; ; 35, BO) 


The surface of the “pileus” shows numerous large autozooids, between which the 
still more abundant but much smaller siphonozooids are situated. The autozooids in the 
large specimen are over a hundred in number, and surrounding each of these are the 
minute siphonozooids. The diameter of a contracted autozooid is on an average 2-3 
mm., that of a siphonozooid 1 mm. 

Between the adjacent walls of two autozooids, there are about twenty siphonozooids, 
but this number naturally varies considerably. The specimens showed autozooids in 
very varied degrees of expansion, from those with well-expanded tentacles and pinnules 
to those simply consisting of an eight-partite swelling on the surface of the 
coenenchyma. 

In the expanded autozooids the external layers are fairly transparent, and thus the 
pink-coloured stomodeeal canal and yellowish mesenterial filaments are seen through the 
transparency. Thus, even externally, one can distinguish (a) a crown with eight 
tentacles, each provided with eleven pairs of pinnules, (b) a long, extended, stomodzal 
part, and (c) a part containing the mesenterial filaments. 

The following measurements of a well-expanded autozooid may be noted :— 


Height of expansion of autozooid above surface of cenenchyma, 10 mm. 
Height of crown and tentacles, . : : . 20 < 
Diameter of spread of tentacles, . ; . 40 3 
Length of tentacle, ; ; : : O75 OF ae 
Breadth of tentacle, including ene : ok DOOe ae 
Length of pinnule, ! 0170 Fe 
Breadth of pinnule, ; ; : i ee the same. 
Approximate length of poedeal part, . : ; . 20 mm 
Approximate length of part containing the mesenterial filaments, 6°0 RS 
Breadth of the latter,  . 7 0,0 99 


These dimensions probably vary considerably in different autozooids, according to — 
the degree of expansion. 
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In the contracted condition, the autozooids have the appearance of a more or less 
circular swelling (the calyx), which is divided by eight radial lines into eight portions. 
These lines extend inwards and upwards from the circumference of the circular swelling 
to the opening of the autozooid, where the tips of the pink tentacles appear. These 
radial lines are evidently the basis of longitudinal lines which are seen on expanded 
autozooids. The mouth of the contracted autozooid generally stands open, and has an 
oval form. On contraction, the tentacles appear to be drawn downwards, but are 
apparently not inverted. Hach autozooid is firstly surrounded by an irregular ring of 
single siphonozooids, but beyond this “ annulus” other siphonozooids occur irregularly 
scattered. The siphonozooids also show an eight-partite arrangement similar to that seen 
in the autozooids, but the former are much smaller, the largest measuring about 1 mm. 

The muscles in the upper part of the autozooids are very largely developed, but are 
smaller in the basal portion. ‘The mesenterial filaments of the autozooids are very large, 
and are grouped into a number of lobes at the internal end of each mesentery. The 
occurrence of cilia was not observed in the siphonoglyphes of the autozooids. The 
cavities of the autozooids are continued directly downwards into canals in the ccen- 
enchyma, and so on into the stipe or trunk. 

The opening of the siphonozooid leads into a thick-walled stomodeal tube, which is 
continued into a larger and wider cavity with thin walls. The stomodzal tube is pro- 
vided with a wide groove containing a remarkably large number of cilia. In a 
longitudinal section through the ciliated groove, the cavity appears to be completely 
filled with cilia. ; 

Transverse sections through the “pileus” show that the ciliated grooves of the 
siphonozooids are not directed similarly as regards the colony, but are turned in various 
directions. The muscles of the siphonozooids are feebly developed. 

The siphonozooids appear to increase in number by a process of binary fission. In 
several transverse sections through the siphonozooids, one observes an ingrowing 
swelling of the lateral wall of the stomodzum on each side. These infoldings of the 
stomodeeal walls tend to meet one another in the centre of the cavity. Thus the 
division does not take place from the dorsal and ventral walls, z.e., not from the ciliated 
groove and opposite wall. 

A noteworthy feature of both specimens was the occurrence in the large canals of 
the trunk of structures, which appeared to be embryos at the gastrula stage of develop- 
ment. As I have only two examples of this interesting species, I am unable to pursue 
any further study of these embryos, or wider research on the anatomy of this interest- 
ing form. 

Locality, ete. :—P.F. 15,888 and 15,888n. Off Seal Island, False Bay, 8.W. 
% 8. 2 mile. By dredge. Depth, 11 fathoms. Nature of bottom, rocky. Date, 
November 12, 1902. 
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EXPLANATION OF PLATES 


Puate I, 
Fig. 1. Bellonella studeri, n. sp. (approx.). Nat. size. 

» 2. Metaleyonium natalensis, n. sp. x 3. 

», 93. Alcyonium rotiferum, nu. sp. Nat. size. 

ri: Ms a branch of. x 3. 

» 9. Aleyonium fauri, n. sp. Nat. size. 

» 6. Malacacanthus rufus, n. gen. et sp. Nat. size. 

» 17. Metalcyonium clavatum, Pfeffer. Polyp. x 27. 

ricer df patagonicum, May. Polyp. x 18. 
Puate II. 


Fig. 9. Metaleyonium clavatum, Pfeffer. Nat. size. 

5, 10. Capnella rugosa, Kiikenthal. Nat. size. 

ml 39 gilchristi ,n. sp. Nat. size. 

», 12. Metalcyonium patagonicum, May. x 2. 

», 13. Bellonella rubra, Brundin. Nat. size. 

», 14. Aleyontiwm pachyclados, Klunzinger. Nat. size. 


Prats III. 


Fig. 15. Metaleyonium natalensis, n. sp. Transverse section through the ccenenchyma of the upper 
portion of the colony. 
Fig. 16. Alcyonium purpureum, Hickson. Transverse section through the coenenchyma. 
» 17. Metaleyonium clavatum, Pfeffer. Transverse section through the polyp; the spicules have 
been dissolved away, and the section passes through the calyx. 
Fig. 18. Metalcyonium natalensis, n. sp. Transverse section through the apical coenenchyma. 
» 19. Metalcyoniwm clavatum, Pfeffer. Transverse section through the polyp (showing ciliated 
siphonoglyphe and eggs), 
Fig. 20. Lunephthya thyrsoides, Verrill. x 2. 
» 21. Bellonella rubra, Brundin. (a) Spicules of calyx, x 100; (0) spicules of internal trunk, x 100; 
(c) spicules of external trunk, x 100. r 
Fig. 22. Metaleyonium patagonicum, May. The pele crown. x 30. 
» 23. Bellonella studeri, n. sp. Polyp. x8. (In the mounted state, as here represented, the 
spicules of the calyx do not show their natural arrangement. See text, p. 552.) 
Fig. 24. Alcyonium purpureum, Hickson. Part of colony. x 10. 
Ay Pai. “4 a Fa Young colony, Nat. size. 


» 26. Metaleyonium patagonicum, May. Spicules of calyx. x200. (One drawn with higher 
power. x 375.) : 
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vi ( - May. Spicules of internal trunk. x 130. 
- _ Spicules of external trunk. x 130. 
ts * Spicule of stomodzeum. x 390. 


Puate IV. 


(a) Spicules of coenenchyma of “pileus,” x 130; (2) spicule 
% 31. Metaleyonium patayonicum, May. (a) Spicules of stomodzum, x 130 ; (>) spicules of tentacles, 


Fig. 32. Metalcyonium patagonicum, May. Spicule from tip of tentacle. x 312. 
E33: Alcyonium pachyclados, Kl. Spicules of external trunk. x 312. 
34. 5 5 »  Spicules of internal trunk. x 312. 
35. Metalcyonium clavatum, Pfetfer. (a) Spicules of tentacles ; () spicules of calyx. x 150. 
36. 5 ae as ; Spicules of external trunk. x 150. 
37. 4 S 7% Spicules of internal trunk. x 150. 
38. Alcyonium rotiferum, n. sp. Spicules. x 150. 
,, 39. Metalcyonium natalensis, n. sp. (a) Spicules of external trunk ; (>) spicules of internal trunk ; 
(ce) spicules of upper coenenchyma. x 70. 
Fig. 40a. Capnella gilchristt, n. sp. Spicules of polyp. x 130. 
5, 400. A i 4 Spicules of external trunk. x 130. 
oe Ave: = 5 Spicules of internal trunk. x 130. 
a 41a, Pemephinia thyrsoides, Verrill. Spicules of polyp. x 100. 
(4. = AlD. 54 5 * Spicules of external trunk. x 100. 
rap eA lic: 3 aT Spicules of internal trunk. x 100. 
», 42a. Capnella rugosa, Kiik, Spicules of polyp. x 150. 
oy LAO re bt , Spicules of external trunk. x 150. 
» 42e. 6 - Spicules of internal trunk. x 150. 
me tos Bellonella rubra, Brundin. Spicules from upper part of polyp. x 100. 
» 44. Alcyonium faurt,n. sp. Spicules. «175. + 
ae 45. Bellonella studeri, n. sp. (a) Spicules of outer trunk; (b) spicules of tentacles ; (c) spicules of 
Say: (a) spicule of central trunk ; (¢) spicule of stomodeeum. x 100 
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J. S. THomMson: ALCYONARIA OF THE CAPE OF Goop Hopr.—PLATE I. 


M'‘Farlane & Erskine, Edinburgh, 


Fig. 1. Bellonella studeri, n. sp. Fig 
Figs. 3 and 4. Alcyonium rotiferum, n. sp. Fig 
Fig. 6 Malacacanthus rufus, n. gen. et Sp. Fi 


2. Metalcyonium natalensis, n. sp. 
5. Aleyonium fauri, n. sp. 

ig. 7. Metaleyonium clavatum, Pfeffer. 
Fig. 8. Metalcyonium patagonicum, May. 


Trans. Roy. Soc. Edin" Vol. XLVII. 


J. S. THomson: ALCYONARIA OF THE CAPE OF Goop Hoprt.—PU.LatTE II. 


M'Farlane & Erskine, Hdinburgh. 


Fig. 9. Metalcyonium clavatum, Pfeffer, Fig. 10. Capnella rugosa, Kiikenthal. 
Fig. 11. Capnella gilchristi, n. sp. Fig. 12. Metaleyonium patagonicum, May. 
Fig. 13. Bellonella rubra, Brundin. Fig. 14 Alcyonium pachyclados, K1. 
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XX.—The Phase of the Nucleus known as Synapsis. By A. Anstruther Lawson, 
Ph.D., D.Sc. F.LS., F.R.S.E., Lecturer in Botany, University of Glasgow. 
(With Two Plates.) 


(MS. received November 14, 1910. Read December 19, 1910. Issued separately January 26, 1911.) 


That phase of the nucleus just preceding the heterotype mitosis, and which was 
first called Synapsis by Moore (1895), has come to be regarded as an important and 
critical period in the life-cycle. It was called synapsis because of the apparent con- 
densation and contraction of the chromatin at one side of the nuclear cavity. This 
discovery at first received scant support, the synaptic contraction being considered by 
many investigators to be nothing more than an artifact—an artificial contraction caused 
by imperfect fixation. In 1897, however, Moors’s discovery was confirmed by Miss 
SARGANT, who not only observed it in fixed material, but also found it in the living 
pollen-mother-cells of Laliwm. 

Since that time the importance of this apparently contracted condition of the 
chromatin has steadily grown with the increase in our knowledge on the subject of 
reduction division, so that many of the eminent and leading cytologists of the day 
have come to interpret this phase known as synapsis as that critical period when the 
actual fusion and consequent reduction of the chromosomes take place. It is believed 
by some to represent the actual blending of the maternal and paternal chromatin. As 
one writer expresses it, “It is the critical stage in the history of an organism. It is the 
end-result of fertilisation.” 

That such a stage exists, I think, there can be no question. It has been observed 
and described by too many eareful and eminent workers to warrant a denial of its 
existence. ‘These observations not only come from every botanical centre where cyto- 
logical investigation is carried on, but they have been made upon representative types 
of all the main groups in the plant kingdom. 

In her work on Lilium, Miss Sarcant (1897) tells us that “the approach of synapsis 
is first indicated by the appearance of drops of nuclear matter adhering to the chromatic 
network. ... A little later the nucleoli lose their well-defined outline, the nuclear 
membrane becomes indistinct, and the chromatic threads show a tendency to collect 
round the nucleoli at one side of the nuclear cavity. . . . The nucleus of the pollen- 
mother-cell has now entered on the period of contraction called synapsis which precedes 
the formation of the spireme threads.” 

In ALLEN’s (1904) account of this stage in Liliwm canadense we find the statement 
that ‘‘the fusion of the threads and of the chromosomes occurs very early in synapsis ; 
but after the fusion the synaptic condition persists, certainly for days, perhaps for weeks 
or more. ‘lowards the end of this period, the aggregation of the spireme becomes 


gradually looser, and then follows a stage in which the thread is very evenly distri- 
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buted throughout the nuclear cavity and is in contact with the nuclear membrane at 
very many points.” 

Farmer and Moore (1905), in their description of this stage in Lalzwm, state that 
“at first irregularly coiled in the nucleus, the differentiating spireme next aggregates 
towards one side, and there forms what we may designate as ‘ the first contraction figure.’ 
The thread becomes densely coiled in the vicinity of the nucleolus, exhibiting a highly 
characteristic arrangement. This figure has often been dismissed as the result of im- 
perfect fixation, but there exists strong evidence to show that it represents a normal 
occurrence in the life-history of the cells. . . . It is a stage that persists for some time ; 
but, as it passes away, the filaments become loosely coiled and diffused, especially about 
the periphery of the nuclear cavity. It is perhaps a fact of some significance that the 
nucleus at this stage is relatively large, the average diameter in the case of pollen- 
mother-cells of Lilium canadense being 32 “, as compared with the diameter 29 u reached 
by the nuclei at the contraction figure just described.” 

In his endeavour to explain the lateral position of the “synaptic knot,’ CARDIFF 
(1906) states that this is probably due to gravity. “In fact, the knot seems to be as 
often, if not more often, on the side of the cell where there is least cytoplasm. It was 
generally found, however, that in any one sporangium or group of sporangia all the 
knots occupy the same relative position in the nuclei. I offer as a tentative explanation 
of this, that the chromatin mass is of greater density than the nuclear sap and the 
position of the nucleolus and knot is due to gravity.” 

Gatrs (1907) describes the synaptic contraction in the hybrids of Gnothera as 
follows: “The spireme gradually contracts into a dense ball with a few loose threads 
projecting irregularly. In this closely contracted condition it may form a body about 
the size of the nucleolus, which can only be distinguished from the latter by its some- 
what irregular outline. In the next stage observed the spireme is again loosely arranged 
in the nuclear cavity, but is greatly contracted in length and several times in thickness 
of the original spireme before the contraction stage.” 

Morrter’s (1907) account of synapsis is given more in detail: “ With the rapid 
increase in size of the cell and nucleus, the entire contents contract or ball up towards 
one side of the nucleus. This contraction is a rapid process, and whether the rapid 
growth of the nucleus is a stimulus to this contraction is an interesting question. The 
nucleolus may be included partly or wholly within the contracted mass, or it may lie 
merely in contact with it, or entirely free at a remote side of the nucleus. As a rule 
the nucleolus is included with the chromatin mass. When complete synapsis is 
reached the mass is tightly balled up, many nuclei showing no free portion projecting 
into the nuclear cavity. There seems to be little or no regularity in the position of 
the synaptic mass in the nucleus as regards the upper or lower ends or the sides. 
Carpier states that in the plants studied by him gravity determines the position which 
the mass shall take. This explanation does not hold for Podophyllum or Inhium. .. . 
In the contracted mass no definite structure can be made out. Sometimes the appear-. 
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ance is that of a balled-up mass of lumps or granules, and sometimes that of chromatin 
thread.” 

Among the Fungi, synapsis has been found by Miss Fraser (1908). She describes 
it in her account of Humaria: “The stainable material of the nucleus forms a fine 
threadwork and becomes aggregated towards one side of the nuclear membrane, forming 
the first contraction figure, as has been described for the spore-mother-cells of the 
higher plants.” 

For the Ferns we have an account of synapsis in Nephrodium by YaMANovucut (1908). 
His account is as follows: “ As described before, the nucleus in the pre-synaptic stage 
consists of a complex, anastomosing, chromatin reticulum. This ragged reticulum 
shows a tendency to become transformed into a thread structure, but the process does 
not occur simultaneously in the different regions. When the transformation has taken 
place, the two parts of the thread are observed running side by side from the first. 
Such a condition, etc., is evidently what was called ‘leptonema’ by W1ntwar Ter. 
Further transformation of the thread structure from the ragged reticulum results 
in a nucleus with a continuous chromatin thread in a spireme whose double nature is 
only visible at certain parts on account of the close association. ‘The thread becomes 
tangled and contracted in one side of the nuclear cavity until finally there results the 
climax of the synaptic stage. . . . There are observed in Nephrodiuin a number of 
parts of the spireme running through the contracted mass from the nuclear membrane 
where the mass lies in contact.” 

Even in the more recent literature the contracted condition of the chromatin is fully 
described and its relation to the reduction process is emphasised. In his work on the 
- organisation of the nuclei in pollen-mother-cells, OveRTON (1909) states that the first 
indication of synaptic contraction in Zhalictrum purpurescens consists in a concentration 
of the paired spireme threads either in the centre or at one side of the nuclear cavity, 
so that the nucleus appears much more open and clear than at earlier stages. 
“During the earlier stages of this contraction the threads which constitute the frame- 
work are present, but then later disappear as the whole mass rounds up. In my former 
paper I have described the phenomenon of synapsis, which I held to be a normal process, 
in which a union in pairs of homologous elements is brought about with a consequent 
pseudo-reduction. Although synapsis was described as a phase, during which a mutual 
interchange or interaction of parental elements might occur, I also expressed the opinion 
that the homologous chromosomes retain their identity during the process.” 

In his work on G¥nothera, Davis (1909) defines synapsis as a ‘“‘ general slow con- 
traction of the reticulum away from the nuclear membrane, a contraction that carries 
most of the strands towards the centre of the nucleus. During the process of contraction 
numerous threads are differentiated from the reticulum, which become coiled in a very 
intricate manner.” Davis further describes how “the synaptic contraction draws the 
coils of threads into a dense knot close to the large nucleolus, which generally lies at one 
side of the nucleus. Loops of the threads extend into the nuclear cavity from the 
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synaptic knot as a centre. The threads gradually thicken as synapsis proceeds, and the 
length of the thread system is very much shortened. «When fully contracted the 
synaptic knot consists of much-thickened threads (constituting the spireme) which are 
drawn so tightly together that their arrangement cannot be traced. The loops extending 
from the contracted mass are at this stage thick and very conspicuous.” . 

STRASBURGER, Miyak8, GREGOIRE, BERGHS, and others have expressed similar inter- 
pretations of this phenomenon, but the above extracts are suthcient to show how the 
idea of synapsis has grown. 

Now, it is not the purpose of the present work to deny the existence of this stage 
known as synapsis. I have observed it in many representative types of Aloe, Fungi, 
Bryophyta, Pteridophyta, Gymnosperms, and Angiosperms, and I am quite convinced 
that it is a constant and normal phase in the nuclear-cycle. My interpretation of this 
phase, however, is not in agreement with any of the above-quoted writers or with any 
other interpretation which to my knowledge has yet been published. After a careful 
study of many types, I have been convinced that during this phase known as synapsis 
there is no contraction whatever of the chromatin substance; that the condition so 
often described as “contracted” is not in reality a contraction, but is subject to quite 
a different interpretation. I have also been convinced that this so-called “ contraction 
stage” has nothing whatever to do with the blending or fusion of maternal and paternal 
chromatin and consequently plays no immediate role in the process of chromosome 
reduction. 

As these interpretations are so widely opposed to those of so many eminent 
cytologists, [ have delayed in publishing them until they had been confirmed by a study 
of a wide range of forms extending from the Algz to the Angiosperms. This has been 
done, and from the observations made I have no longer any hesitation in stating my views. 

Now, while the following observations are confined to the microspore-mother-cells of 
a single Angiosperm type, Siilacina, this was done for the convenience that this par- 
ticular plant afforded in obtaining an unbroken series of stages of nuclear changes during 
the heterotype mitosis. All of the main conclusions arrived at from a study of this plant 

were later confirmed by an investigation of types from the Gymnosperms, Pteridophyta, 
Bryophyta, and Alow. Smlacina is a particularly favourable plant for such a study, for 
the flowers are quite small and very numerous in a close inflorescence. The entire 
young inflorescences were taken and fixed in chrom-acetic acid without dissection. 

After being imbedded in paraftin and sectioned, it was found that while at the base of 
the raceme the tetrads were fully formed, at the apex the Archesporium was not yet 
organised and that between these two extremes every conceivable stage of nuclear 
activity was to be found. ‘lhe advantages of having so many stages in a single section 
are obvious—they allowed of a close and accurate comparative study of the different 
stages in their natural sequence. 

The mature Archesporium showed the mother-cells fitting closely to one another with 
the walls very thin and in the form of straight lines and sharp angles—leaving no room 
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whatever for intercellular spaces. The cytoplasm was characteristically sporagenous in 
being densely charged with fine food granules and containing no vacuoles of measurable 
size. The nucleus was practically spherical in form and nearly centrally situated 
(fig. 1). There were two or sometimes three large nucleoli present. The chromatin 
with its linin appeared as a fine mesh or network of threads. This network, however, 
is more apparent than real, for, by carefully focusing, one could follow the individual 
threads passing over and interlacing with one another for considerable distances. The 
individual threads were finely granular, and, on account of their apparently anastomosing 
with one another, it was impossible to count or even approximately estimate whether 
they corresponded to the diploid number of chromosomes. Apart from observing that 
there were a number of threads of chromatin present, I was unable to distinguish 
“prochromosomes,” which have been recorded as occurring in certain Dicotyledons by 
OvERTON (1905) and others. 

The almost spherical form of the nucleus as well as its large size—as compared with 
that of the vegetative cells—gives the impression that the nuclear sap is exerting a con- 
siderable osmotic pressure upon the nuclear membrane. In this connection it should be 
remembered that in the cytoplasm there are no vacuoles in the sense that we have them 
in the growing vegetative cells, the entire cytoplasm being charged with food substances, 
and yet these spore-mother-cells are actually growing in size. This circumstance, 
together with the turgid appearance of the nucleus, makes it difficult to escape from the 
conclusion that the nuclear cavity is acting as a vacuole. That the enlargement of the 
nuclear cavity is brought about by the increase in the amount of its contained fluid 
there can be no doubt, and an increase of osmotic pressure acting upon the nuclear 
membrane would necessarily follow. This finds an expression in the stretching of the 
nuclear membrane and a considerable increase of the nuclear space. The nuclear cavity 
thus acts as a vacuole in exerting a great internal osmotic pressure, and, in doing so, 
facilitates growth in a cell where ordinary vacuoles are absent from the cytoplasm. 
This seems a plausible explanation for the great size of the nuclear cavity of spore- 
mother-cells. And, as we shall point out, the growth of these cells proceeds with the 
increase in the size of the nucleus. 

In fig. 2 we have represented a stage where the increased amount of nuclear sap 
shows itself by a slight distension of the nuclear membrane beyond the area occupied 
by the chromatin. On the lower side of the figure one sees a clear space—appearing as 
a narrow crescent in section-—between the chromatin and the membrane. ‘This, at first 
sight, might be mistaken for a shrinkage of the chromatin, but the comparatively 
even and regular surface of the chromatin area, as well as a consideration of the 
relative size of the latter in the preceding fig., makes it quite evident that the clear 
crescent-shaped area is due not to shrinkage or contraction, but to an increase in the 
nuclear sap with the consequent distension and withdrawal of the nuclear membrane 
from the chromatin. 

In fig. 3 is represented a slightly later stage, where the distension of the membrane 
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and its removal from the chromatin is more obvious, with its much larger clear. area of 
nuclear sap. This clear area of nuclear sap generally made its appearance at one side 
especially in the earlier stages ; but this was not always the case. Nuclei were some- 
times found with the clear nuclear sap completely surrounding the chromatin, as indicated 
in fig. 4. This difference one would naturally expect, under the circumstances; for 
with so many growing cells closely packed together, the resistance offered to the in- 
creased osmotic pressures within the nuclei would not be constant and uniform for each 
cell. Where such resistance was practically uniform we would expect to find the con- 
dition shown in fig. 4; but where the resistance was not uniform on all sides, the 
conditions shown in figs. 2, 3, 5, ete., would result, because the growing nucleus would 
naturally distend in the direction of least resistance. In fig. 4 the distension of the 
nuclear cavity, while not uniform in all directions, is nearly so. In fig. 5 we see the 
distension is very marked on one side and very slight on the other. Similar conditions 
are shown in figs. 6, 7, and 8, while in fig. 9 the distension must have been nearly 
uniform in all directions, resulting in an almost perfectly spherical form of the nuclear 
cavity with a spherical mass of chromatin in the centre. 

Now, any of these stages, if examined individually and not in series, might easily be 
mistaken for an early stage of what is known as the synaptic contraction. But when 
compared with one another in their natural sequence, it becomes quite clear that no 
contraction whatever has taken place in the chromatin mass. This can easily be 
demonstrated by measuring the chromatin area of the various stages figured. Such 
measurements have been taken in a great number of cases, and no differences could be 
detected in the size of the chromatin masses. 

In figs. 10, 11, 12, and 13 we show a series of later stages, any one of which 
corresponds to what has been described by other writers as synapsis, synaptic knot, or 
violent contraction of the chromatin, ete. It is quite obvious that these figures repre- 
sent merely a continuation of the process described above for the earlier stages—namely, 
a gradual and further accumulation of nuclear sap, an enlargement of the nuclear 
cavity, and a still further withdrawal of the nuclear membrane from the chromatin. 
Several writers, in describing this stage, state that “the chromatin moves to one side of 
the nuclear cavity and there coils up into a tight ball.” The general appearance of any 
one of these stages certainly suggests such an interpretation ; but, upon comparing them 
with the preceding and following stages, no real evidence can be found to support it. 
Indeed, all of the facts which I have been able to obtain from my own preparations go 
to prove the opposite-—namely, that the chromatin mass neither moves to one side nor 
does it contract. 

Of the numerous figures of synapsis that have been published in recent papers, 
many of them show the chromatin mass with a much smaller area in proportion to the 
nuclear cavity than I have here figured for Smilacina, which would indicate a certain 
amount of contraction. I have also found much smaller areas of chromatin at this time 
and might have figured them, but they were rejected. I attributed them to either 
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imperfect fixation or to the fact that the sections were not cut in a median plane through 
the nucleus. It should perhaps be pointed out that the larger the nuclear cavity becomes, 
the more osmotically sensitive become the substances within the limiting osmotic 
membrane. Consequently this stage offers perhaps more difficulties for proper fixation 
than any other stage in the history of the nucleus. This was made manifest in several 
lots of material which were fixed in Fleming's strong solution. It was found that 
whenever this strong osmic acid solution was used for fixing, the cytoplasm appeared 
more or less plasmolysed and the chromatin mass within the nuclear membrane showed 
a corresponding amount of shrinkage. In this same material, however, the early stages 
of the mother-cells—before the increased size of the nuclear cavity—showed perfect 
fixation. It would therefore seem that the very much enlarged nuclear cavity favours a 
shrinkage of the cytoplasm as well as of the chromatin, and this condition of the latter 
might easily be mistaken for a natural contraction. In working out the present series 
every slide was rejected that showed the slightest trace of plasmolysis. 

As stated above, certain sections were passed over because they were not cut 
in a median plane through the chromatin mass. In this connection it might be well to 
point out that when the nucleus reaches its full size it may be 25 uw or 30 » in its 
longest diameter, and, cutting sections of an anther at this time, we invariably obtain 
numbers of sections of cells that do not pass through the median line of the nucleus. 
Some of these sections may show a very large nuclear cavity and a very small shaving 
of chromatin at one end. Such small areas of chromatin at first suggest a considerable 
contraction, and they were frequently found. ‘This fact is mentioned here because I 
feel sure that some of the figures that have been published to show the synaptic con- 
traction have been drawn from such oblique sections. Fig. 13 is inserted here to 
illustrate this point. It was drawn from a section that was not median. All of the other 
figures were drawn from sections that were cut in a median plane—or nearly so—through 
the chromatin mass. Now, if we examine all of these stages from figs. 1 to 12 in series, 
we find no diminution whatever in the area occupied by the chromatin. At the same 
time it is obvious that the nuclear cavity has increased to nearly twice its original size. 
As we show in figs. 16, 17, 18, 19, and 20, this enlargement of the nuclear cavity 
gradually continues until it reaches a cubical dimension which is quite three times that 
shown in fig. 1. But during this entire period of growth there is not the slightest 
evidence that the chromatin mass has shrunken or contracted. The obvious conclusion 
I draw from this is that, owing to the greater osmotic pressure caused by the increase of 
the karyolymph, the nuclear membrane has distended and withdrawn from the chromatin 
mass. The latter remains in its original position and has not moved away from the 
membrane, as has so frequently been stated by so many writers. 

Now, while no actual contraction could be detected in the area occupied by the 
chromatin during this period of growth of the nucleus, the threads of the chromatin 
undergo a distinct modification. In the very early condition shown in fig. 1 the 
chromatin appears as a distinct but irregular network. This network or mesh is com, 
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posed of extremely delicate threads that could be followed for short distances; but as 
they appear to interlace and anastomose with one another, it was impossible to determine 
their length or their structure. In the next stages, figs. 2, 3, and 4, where the first 
indication of the distension of the nuclear membrane was noted, we find the chromatin 
threads shghtly thicker and evidently granular and the interstices between them larger 
and more clear. This would suggest a shortening and thickening of the threads, but 
not a contraction. These changes continue as indicated in figs. 5, 6, 7, and 8, and they 
appear to progress with the growth of the nuclear cavity. In these figures a very 
interesting and important fact is revealed—namely, that the chromatin threads are 
undoubtedly double. If these stages were examined individually, one might interpret 
this as a longitudinal splitting of the thread at this early period; but, by tracing the 
series back to fig. 1, I was unable to pick out a stage where there was not evidence of 
the double nature. This series would certainly suggest that the chromatin threads were 
double from the beginning, but the double nature is only revealed with certainty after 
the stages represented in figs. 5,6, and 7 have been reached. In figs. 9 and 10 we find 
the chromatin threads have become very sharply defined and may be followed for 
considerable distances. Not only is the double nature of the threads more easily made 
out, but the ends of the threads could be seen. Some of these ends are, no doubt, due 
to sectioning, and as such appear on the surface. Many of them, however, were 
undoubtedly within the interior of the mass, and these I take to be the actual ends of 
the chromatin threads. As many of these ends were found—the double nature of 
which could be made out,—this fact would indicate that the developing spireme was not 
composed of a single continuous thread, but of a number of double threads. In tracing 
the series back, I could not determine when the ends first became visible in the earlier 
stages; the threads being so delicate, one could not say positively whether one was 
examining the granules on the reticulum or the thread ends. The inference I draw, 
however, from these observations is that the reticulum, represented in fig. 1, is made up 
of a definite number of threads which are double, and that this number corresponds to 
the diploid number of chromosomes which become differentiated later. 

In figs. 11, 12, 138, and 14 we have a much better opportunity of studying the 
double nature of the threads, for we now find them projecting out at intervals from 
the main mass into the large clear space occupied by the nuclear sap or karyolymph. 
In fig. 11 we see the beginning of a general loosening and separation of the threads 
from one another. This loosening of the spireme seems to be a gradual, but irregular, 
process. As indicated in figs. 10, 11, and 14, the ends of the threads project for 
a short distance into the main body of karyolymph, but, as may be seen in figs. 12, 
13, 15, 16, and 17, they soon extend out for a great length—some of them reaching 
the nuclear membrane at the opposite side. In such cases the double nature of the 
threads may be observed without difficulty. 

During this process of loosening and spreading out of the chromatin into the clear 
area of the nuclear cavity the threads have continued their process of shortening and 


THE PHASE OF THE NUCLEUS KNOWN AS SYNAPSIS. 599 


thickening, and this is brought out in figs. 18, 19, 20, and 21; but they never lose the 
evidence of their double nature. In most cases at this time the double threads showed 
the presence of disks or short segments—the chromomeres (ALLAN, 1905). These are 
indicated quite clearly in figs. 19, 22, 23, and 24. 

In the stages represented by figs. 25, 26, and 27, the threads of the spireme have 
become so much differentiated that they are easily identified as definite chromosomes. 
They have become so much separated from one another that they appear evenly dis- 
tributed throughout the very much enlarged nuclear cavity. Hach chromosome may 
be followed from end to end without dithculty. 

There are, then, during this growth period of the nucleus, certain interesting and 
important changes in the nature of the chromatin threads, but I find no evidence 
whatever that the chromatin has contracted. My interpretation of synapsis is 
simply that it represents a ‘“‘ growth period” of the nucleus—a period during which 
there is a great increase in the amount of nuclear sap which results in a distention 
and withdrawal of the nuclear membrane from the chromatin. The question that 
naturally arises is, Why should this growth period occur in the life-history only at a time 
immediately preceding the reduction division? My answer to this is suggested in 
certain statements made in the early part of this paper in regard to the contents of 
these mother-cells. Hach one of these cells is charged with sufficient food substance 
for the production and sustenance of four spores. In being so charged they are really 
storage cells—-storage cells that have the power of merismatic activity. Moreover, 
this merismatic activity is not of the ordinary kind, for it finds an expression in two 
divisions that follow one another very rapidly. Then, again, these cells exhibit a 
marked power for rapid growth. Now, nowhere else in the life-history do we find cells 
with such active and varied properties. It is not surprising, therefore, that we find 
they differ in their constitution from ordinary vegetative cells. One striking difference 
is the absence of vacuoles from the cytoplasm. In ordinary growing vegetative cells 
there is a great production of cell-sap. This accumulates in the vacuoles and generates 
an osmotic pressure which facilitates growth. In these growing spore-mother-cells, 
on the other hand—which are both storage and merismatic in character—there are no 
vacuoles of any measurable size, and consequently there are no open bodies of cell-sap 
accumulated in the cytoplasm. There is, however, a great body of sap accumulated 
within the nucleus, which gives the latter its characteristic appearance and distinguishes 
it at once from ordinary vegetative nuclei. It is, of course, out of the question to 
prove by actual experiment that the enlarged nuclear cavity produces an internal 
osmotic pressure, and distends the cell in the same manner that the vacuole is believed 
to do in the case of vegetative cells. The distended and turgid condition of the 
nucleus during this period of growth, in addition to its great size, is, however, sufficiently 
convincing that the pressure set up by the nuclear cavity is just as great as that set 
up by a vacuole of like dimensions. It is quite common, even among vegetative cells 


that have been especially differentiated for storage or secretion, to find the nuclear 
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cavity very much enlarged, but not perhaps to the extent of these mother-cells. These 
latter cells have an important and varied series of functions to perform, and their 
organisation is modified accordinely. Not the least of these modifications I believe to 
be the taking on of the function of the vacuole by the nuclear cavity. While this 
cannot be actually proved, I think the evidence is sufficient to warrant my offering it 
as an explanation for the occurrence of the ‘“‘ growth period” of the nucleus at this 
particular phase in the life-history—a phase that is commonly known as synapsis. 

The majority of writers on the subject have made much of the lateral position of 
the chromatin mass within the nuclear cavity during the “synaptic period.” The mass 
is invariably described as occupying a position at one side of the cavity, close to the 
nuclear membrane. ‘This position, I think, is responsible in a large measure for the 
contraction idea, for it certainly gives one the impression of a shrinkage or withdrawal 
from the membrane. More than one writer has described the chromatin as having moved 
bodily from one side of the cavity to the other—Carp1rF (1905) even goes so far as to 
state that this lateral position is due to gravity. If there had been a ‘‘ violent contrac- 
tion,” as one writer describes it, the lateral position would seem obvious enough. If, 
however, there is no contraction whatever, there must be some reason for this peculiar 
and characteristic condition. 

I have above called attention to the fact that the young spore-mother-cells, compos- 
ing the Archesporium, lie closely together, forming a dense mass of tissue with very 
thin walls and no trace of intercellular spaces. The straight lines and sharp angles 
that mark the boundaries of the cells are shown in figs. 1, 2, 3, 4, and 5. As these 
cells grow in size, there is also a growth taking place in the anther as a whole, and, 
as development advances, there is more room within the sporangium for the mother- 
cells to enlarge. Now, these cells not only enlarge but, as everyone knows, they later 
separate from one another and eventually lie free in the mother liquor of the anther. 
This separation of the mother-cells from one another first manifests itself by the presence 
of small intercellular spaces. After an examination of many sections I find these spaces 
oceur more frequently at the angles where two or more cells meet. At such poinis the 
thin cell-wall becomes rounded off (figs. 15, 17, and 18), clearly indicating that the 
internal pressure was exerting itself towards the intercellular space. This rounding off 
of the angles of the cell-wall proceeds exactly with the development of the intercellular 
spaces, until we finally have the rounded or oval shapes of the cells as shown in the figs. 
20, 21, 22, 23, 24, ete. It is quite clear from these figures that the growth of the 
cells has taken place in a direction towards the first intercellular space that is formed. 
Nearly all of the cells become more or less oval in outline, but one end is always more 
rounded than the other. The latter end invariably shows the wall in straight lines and 
angles, indicating contact and pressure against its neighbours (figs. 22, 23, and 24). 
The rounded end is always free and exposed to the intercellular space. Now, if we 
examine any of these stages that are figured, we will find that the enlarged nuclear cavity — 
is always extended towards the rounded end of the cell. It will also be found that in — 
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none of these growing stages is the nuclear cavity spherical in form. It is invariably 
oval or egg-shaped. As soon, however, as the mother-cells are practically free from 
one another, as illustrated in figs. 26 and 27, the nuclear cavity assumes an almost 
spherical form. Here the internal pressure is apparently exerting itself equally in all 
directions. These facts not only show that a great internal pressure exists within the 
nuclear cavity, but also that the effect of such a pressure on the resultant growth and 
form of the nuclear cavity is controlled by surrounding resistance. This being the 
ease, the internal pressure would naturally exert itself in the line of least resistance, 
and that would be towards the intercellular space. The conditions shown in figs. 20, 
21, 22, and 23, would seem to indicate that this is exactly what has taken place. In 
this I see a reasonable explanation for the lateral position of the chromatin mass during 
the growth period. Itis simply the result of the enlarging nuclear cavity extending 
out towards the intercellular space where there is least pressure from the neighbouring 
cells and leaving the chromatin mass behind in its original position. Considering all of 
the circumstances under which the mother-cells are developing, the lateral position of 
the chromatin mass during the growth period is a perfectly natural one. 

The object of the present paper is simply to state my interpretation of that phase of 
the nuclear cycle commonly known as synapsis and also the reasons for such inter- 
pretation. I do not intend in this work to go into the details of reduction—this will be 
published shortly in a separate paper. I may state, however, that I have strong 
evidence for believing that the reduction process cannot take place in Smalacina during 
the growth period. In figs. 26 and 27 we have represented stages in the development 
of the mother-cells which are undoubtedly much later than that known as synapsis. 
Here we have a condition where the chromosomes may be observed with sufficient 
clearness that they may be counted. After repeated counting I estimated that the 
number at this time is twenty, which is just twice the number found in the haploid 
phase. ‘The real act of reduction is shown in fig. 28, which is at a time much later than 
that shown in fig. 27. 


SUMMARY. 


Spore-mother-cells, being both storage and merismatic in their function, present an 
organisation that is strikingly different from that found in ordinary vegetative tissue. 

Being charged with food substances for the production and sustenance of four 
spores, they are devoid of vacuoles of any measurable size in the cytoplasm. 

During their development, however, there is a great accumulation of sap within the 
nuclear cavity, which causes a great osmotic pressure in the same manner that the cell- 
sap does in the vacuole of growing vegetative cells. 

The pressure, acting from within, causes the nuclear membrane to distend and the 
nuclear cavity to expand. 

This expansion, at first gradual, continues until the nuclear cavity grows to twice 
or even three times its original size. 
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As this growth proceeds the membrane is gradually withdrawn from the chromatin 
mass within. 

The result of this withdrawal of the nuclear membrane is the formation of a large 
clear area of nuclear sap containing the mass of chromatin which has been left at 
one side. 

No evidence whatever was found to show that any contraction of the chromatin had 
taken place. 

The enlargement of the nuclear cavity and the consequent withdrawal of the 
membrane away from the chromatin give the appearance of a contraction, but actual 
measurements failed to show any diminution in the chromatin area. 

Although no contraction takes place during the growth period of the nucleus, certain 
definite and important changes take place in the nature of the chromatin threads as the 
spireme becomes differentiated. , 

In tracing the series of developmental stages back, there was some evidence that the 
reticulum was composed of a number of threads and that this number corresponds with 
the diploid number of chromosomes. 

As the chromatin passes from the reticulum to the spireme condition, there was no 
stage found that did not show some evidence of the double nature of the threads. The 
inference drawn from this is that the chromatin threads are double, even in the 
reticulum stage. 

During the entire growth of the nuclear cavity there is a gradual shortening and 
thickening of the chromatin threads until they become differentiated into definite — 
chromosomes, but in no case was there any evidence of a blending or fusion of these 
bodies. 

It was further found that the actual reduction occurs at a time much later than that 
commonly known as synapsis. 

My interpretation of the phenomenon known as synapsis is simply that it represents — 
a growth period of the nucleus—a condition that is in harmony with the peculiar 
organisation of spore-mother-cells. It is a period during which the increasing karyo- 
lymph exerts a great osmotic pressure from within. This pressure results in the 
extension of the nuclear cavity towards an intercellular space where there is least 
resistance from the neighbouring cells. The chromatin mass is left behind, and its 
characteristic position at one side of the nuclear membrane is a perfectly natural one. 
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EXPLANATION OF FIGURES IN PLATES. 


All the figures were drawn with the camera lucida to the same scale with Zeiss compensating ocular, 
No. 8, and Zeiss oil imm. obj. 1/12. x 1600. 


Fig. 1. A young spore-mother-cell with the nucleus in the resting stage. The chromatin is in the form 
of a reticulum composed of very delicate threads. 

Fig. 2. A slightly older stage of the same, showing the first indication of the distension of the nuclear 
membrane and its withdrawal from the chromatin mass. 

Fig. 3. The same, still older, but here, in addition to the further distension of the nuclear membrane, the 
chromatin threads of the reticulum are becoming thicker and more sharply defined. 

Fig. 4. The same. An example of the withdrawal of the membrane from all sides of the chromatin mass. 

Fig. 5. The same, showing a further distension of the membrane. 

Fig. 6. The same at a later stage, with a marked change in the development of the chromatin threads. 

Fig. 7. The reticulum has taken the form of a definite spireme. 

Fig. 8. A further withdrawal of the nuclear membrane from the chromatin. The spireme is now sharply 
defined. The ends of the threads may be seen, as well as the double structure. 

Fig. 9. The same. The pressure within the nuclear cavity is evidently exerting itself equally in all 
directions. 
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Fig. 10. The nuclear cavity has enlarged to nearly twice its original size, but there is no evidence of 
contraction of the chromatin. co 

Fig. 11. The nuclear cavity has enlarged still more. The threads of the spireme are beginning to loosen 
and project into the clear area of the nuclear sap. ‘The double nature of the threads may be clearly seen. 

Fig. 12. The same, but a later condition of the loosening of the spireme threads. 

Fig. 13. The same. The nuclear cavity has enlarged still more. 

Fig. 14. The same, from a section that has not been cut in a median plane through the chromatin mass. 

Fig. 15. A further stage in the development of the spireme. ‘The double threads are much more sharply 
defined and their euds are clearly visible. 

Fig. 16. The nuclear cavity is now more than twice its original size. 

Fig. 17. The rounding off of the corners of the mother-cells indicating the presence of an intercellular 
space. The distension of the nuclear cavity is directed towards this intercellular space, leaving the chromatin 
behind at the opposite side. 

Fig. 18. A more striking example of the same. 

Fig. 19. The spireme threads now show the short segments or “ chromomeres.” 

Fig. 20. This stage is an excellent example to show the distension of growing nuclear cavity towards the 
intercellular space. That is, it extends in the line of least resistance leaving the spireme behind. 

Fig. 21. The loosening of the spireme becomes more evident. 

Fig. 22. Another stage of the same. : 

Fig. 23. The spireme threads projecting and extending into the large clear area of the nuclear sap. 

Fig. 24. Another stage of the same. GOT 

Fig. 25. The spireme threads are now nearly uniformly distributed through the enlarged nuclear cavity. 

Fig. 26. The chromosomes may now be identified and followed from end to end. The enlarged nuclear 
cavity has resumed its spherical form owing to the fact that the mother-cells are practically free from one 
another. 

Fig. 27. This stage clearly shows the diploid number of chromosomes, proving that reduction could not 
possibly have taken place in any of the previous stages. 

Fig. 28. A much later stage, showing the chromosomes consorting in pairs. 
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XXI.—Observations on the Body Temperature of the Domestic Fowl (Gallus gallus) 
during Incubation. By Sutherland Simpson, M.D. (From the Physiological 
Laboratory, Medical College, Cornell University, Ithaca, N.Y., U.S.A.) 
Communicated by Professor E. A. ScuArsr, F.R.S. 


(MS. received November 7, 1910. Read December 5, 1910. Issued separately January 13, 1911.) 


INTRODUCTION AND EXPERIMENTS. 


It is held by many that the body temperature shows certain fixed diurnal and seasonal 
variations which cannot be accounted for by the action of the various influences, such 
as muscular exercise, ingestion of food, sleep, etc., which are known to affect the rate 
of heat production and heat loss. These variations are believed to be associated with 
corresponding changes in the tissue activities, and to a large extent to be independent 
of environmental conditions. 

In this relation it is important to study the body temperature in association with 
the seasonal and other changes of habit which all animals exhibit to a greater or less 
degree, and, amongst homoiothermic animals, no class shows greater evidence of cyclical 
bodily changes than do birds. During moulting time, in the late summer and autumn, 
they shed their feathers and show other signs of depressed vitality, while in the spring, 
in preparation for the mating and breeding seasons, they put on fresh plumage and 
become extremely active. Then again during the incubation or brooding period the habits 
of the female bird, and in many cases also of the male, become greatly changed and the 
bodily activities profoundly modified. 

No systematic investigation, so far as I know, has been made into the relationship 
which may exist between the body temperature of birds and these seasonal changes of 
habit, and although the whole problem is an extensive one calling for much detailed 
study, still, the effects of the natural alteration in the daily routine which takes place 
during the nesting or incubation period may be easily determined in the case of the 
domestic fowl. 

It is a popular belief that the temperature of a brooding hen is above the normal ; 
she is supposed to have ‘“ broody-fever.” This I have gathered from conversations with 
poultrymen and farmers both in this country and in Scotland. That this should be the 
case seemed to me improbable, and to satisfy myself on the question I have made, 
within the last three years, three series of observations on the rectal temperature 
of brooding hens (Gallus gallus) and a fourth series has been made for me by 
Mr W. G. Krum, in charge of the poultry house in the Agricultural College, Cornell 
University. 
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On May 2nd, 1908, in Musselburgh, Scotland, I secured two hens (Dorkings) of the — 
same brood, two years old. The one (A) was “ broody” ; the other (B), which I meant 
to use as a control, was a laying hen. They were kept in the same room with plenty 
of air-space, good light and ventilation, and under similar conditions with regard to 
food and external temperature. A nest made up of old rags and straw containing eight 
egos was provided for A in a shallow open box in one corner of the room, on which she 
at once established herself, and B was allowed to roam about freely in the same room. 
The rectal temperature of each was recorded daily at 7 a.m.,7 p.m., midnight, and 
occasionally at more frequent intervals when opportunity permitted. Precautions were 
taken by gentle handling to avoid inaccurate readings which might possibly result from 
excitement or struggling, and the clinical thermometer used was inserted three inches 
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Frc. 1.—Chart showing temperature curves from hens A (interrupted line, brooding) at end of first week of incubation, and B 
(continuous line, control), May 9th and 10th. Observe that the 24-hour range in A (brooding) is much less than in B 
(control), The figures at the bottom indicate hours, and at the left side degrees centigrade. 


into the cloaca and rectum and held in position for three minutes. The room tempera- 
ture was taken at the same time. ‘The readings obtained are shown in Table I. 

From a glance at the figures it will be seen that during the day the temperature of 
the incubating hen is almost invariably lower than that of the active one, but at mid- 
night, when the last observation for the day was made, it is usually higher. On four 
occasions, viz. 9th—-10th, 16th-17th, 23rd—24th, and 30th—31st, continuous records 
were taken at short intervals throughout the twenty-four hours, and in all of these, 
with the exception of the last, this fact is brought out more clearly, viz. that during 
the day the rectal temperature of the brooding hen is lower than that of the control, | 
while during the night the reverse is almost always the case. (See figs. 1 and 2.) 

The last twenty-four-hour period came after the chicks were hatched—May 30th- — 
31st,—and here the two curves run fairly parallel, the temperature of the mother hen, 
however, showing a greater range than that of her companion. (Fig. 2.) 

Between 7 p.m. on the 22nd and 9 am. on the 23rd, four chicks were hatched. 
Subsequent examination of the remaining four eggs showed that one contained a dead 
chick, almost full time, while the other three were infertile. 
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TABLE I. 


Records of Rectal Temperature from Hens A (Brooding) and B (Control) between 
May 3rd and 31st, 1908. 
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In April and May 1909, in the Physiological Laboratory at Cornell University, two 
more experiments were made with incubating and control hens. A large wooden box 
placed on its side, with open front, was divided by a partition into two compartments 
of equal size, each about two feet high, with a floor space of a little over four square 
feet. On April 7th a “broody” hen (A’) was set on a nest containing eight eggs in 
one compartment, and a control hen (B’) of the same age and breed (Barred Plymouth 
Rock) was closed in the other compartment by a door of wire-netting. The room was 
small and dimly-lighted from a single window, and the ventilation was not all that 
could be desired. A’ left the nest occasionally to feed, and B’ was allowed to come out 
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Hic. 2,—Chart showing temperature curves from A (interrupted line, brooding) one week after hatching out chicks, and B 
(continuous line, control), May 30th and 31st. The 24-hour range in A is now greater than in B. 


of the box and move about in the room for an hour or two daily, but was always shut 
in again at least one hour before the temperature was taken. 

On April 11th another pair of hens (Barred Plymouth Rock) were secured, one (A”) 
‘“broody,” the other (B”) normal as a control. A” was set on a nest with eight eggs in 
a corner of a large and well-ventilated room adjoining the small room mentioned above, 
and B” was given its freedom in the same room. 

In these two experiments, which were conducted in the animal house attached to the 
laboratory, the rectal temperatures were recorded daily at 9 a.m., noon, and 6 p.m. 
regularly, and on four occasions—April 13th—14th, 20th—21st, 27th—28th and May 4th— — 
5th—readings were taken every three hours throughout the twenty-four. The figures 
(degrees centigrade), together with the room temperature, are given in Table II. 

As no chicks appeared under A’ at the end of twenty-one days the eggs were opened, 
and three were found to contain dead chicks. The remaining five were unfertilised ; 
three of them had been broken in the nest. On April 30th A’ and B’ were turned into 
the larger room along with A” and B’. On May ist and 2nd six chicks were hatched 
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TasE II. 


_ Records of Rectal Temperature from Hens A’ and A" (Brooding) and B’ and B" 
(Controls) between April 7th and May 5th, 1909. 
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Cs 66 pm.| 40-4 | 41:3 | 40-9 | 42:1 | 93 66pm. | 41-2 | 42:0 | 40-9 | 42-2 | 23 
12th, Yam.| 405 | 41-2 | 41-0 | 41:8 | 90 | | o7th, 9am.| 41-1 | 411 | 41:3 | 41-9 | 20 
ee, | 410 | 41-4 | 4x2 |.403 | 92 | | | 1a , | 412 | 4o-2 | 41-4 | 427 | 98 
Mee 6pm, | 41-1 | 41-8 | 406 | 417 | 923 | » ” Gpm.| 416 | 41-9 | 40:8 | 421 | 93 
, 13th, 9am. | 412 | 42:0 | 40-9 | 42°3 | 21 a roe sedi | 40-6) | 40-5) || 41-0. | far 
me 12, | 40-7 | 42:1 | 40-8 | 41-6 | 21 ” 12 ” | 408 | 40:3 | 406 | 40-7 | 20 
» » Opm.| 41-1 | 41:8 | 41-1] 421 | 23 | | 28th, 3am.| 40°8 | 40-4 | 40°6 | 40-4 | 19 
9 40°8 | 40°6 | 40-5 | 41-2 | 91 6 41-2 | 41:6 | 41-0 | 41-6 | 19 
” ” ” ’ ) ” 
fee 2, | 406 | 40-5 | 40°6 | 405 | 19 OG. aii ecri98l Ao aor] 2 
» 14th, 3am.| 409 | 40-4 | 405 | 405] 18 | » ° 12 > | 414 | 41-5 | 41-0 | 41:8 | 93 
eG, | 409 | 41:0 | 406 | 412 | 18 | > | Bpm.| 415 | 41-9 | 40°8 | 49-4 | 92 
eo), | 41-5 | 418 | 411 | 419 | 19 {+ » | 6 ,, | 41-0 | 41-6 | 41-1 | 421 | 23 
fee? ,, | 41-2 | 49-0 | 41-0 | 491 | 21 i ese ea tT oy oe. | 41-5 i 
Bees 3pm.| 41-4 | 41-7 | 408 | 41-6 | 21 7 a2” «| 40-7 | 40°3 | 40:6 | 40°3 | 20 
b » 6 ,~ | 415% 42°0 | 41-2 | 422 | 19 | | 29th, 9am. | 41:3 | 41:8 | 41-4 | 41-9 | 21 
eee, | 41-2 | 408 | 40-7 | 406) 18 | | , 12 ,, | 418 | 41-7 | 41-7 | 41-7 | 93 
Se ,, | 411 | 405 | 405 | 407 | 20 | | ., Gpm.| 41-1 | 41-6 | 415 | 41-9 | 24 
y Wt, Gem. | 415 | 416 | 418 | 416 | 22 |, 30th, Dam.) 418 | 421 | 430 | 419] 22 
. ‘ ‘9 | 41-2 | 411 | 420 | 92 | ” | a2 | ata | 41-4 | 415 | 407 | 94 
Se 6pm. | 41-4 | 41:8 | 405 | 41-4 | 19 ~ » 6pm, | 40-9 | 41-8 | 41:8 | 420 | 23 
Me as | coe | aoe | 22 | 2° | may ict, 9am.| 41-2 | 419 | 418 | 42-0 | 20 
om 12 ,, | 41:3 | 421 | 40-8 | 41-6 | 29 oe calles 
s 12 41-6 | 41-9 | 41-9 | 423 | 99 
» » #Opm.| 40°8 | 42°2 | 40-6 | 41:7 21 DES a th ag Re 9. : F 
y : : : ; : ; »  Op.m. | 421 | 4271 | 42°3 | 41°8 19 
» 17th, 9am.| 41-6 | 40°8 | 41-0 | 41-8 | 20 Mae readline le 0 
eet? ,, | 41-5 | 41-9 | 41-0 | 42°6 | 29 eee ae a Z 
Mea pm, | 41-2 | 41-7 | 406 | 495 | 93 | ,, 4, 12 ,, | 42:2 | 41:9 | 42-4 | 419 | 21 
peisth, 9am.| 408 | 41:2 | 407 | 421 | 18 | ,, 4, 6pm.| 42:0 | 421 | 49:1 | 41-9 | 23 
Mia, | 41-4 | 42-1 | 41-0 | 418 | 19 | ,, 3rd, 9am.| 41-6 | 41-4 | 41°6 | 421 | 18 
6pm. 41-4 | 41-4 | 40:9 | 412] 23 | » 4, 12 ,, | 421 | 418 | 42-4 | 41-9 | 20 
» 19th, Qam.| 411 | 420 | 414 | 421) 20 | 2 » 6pim.| 422 | 416 | 421 | 409 | 21 
me» Spm.| 40-9 | 41-8 | 41-0 | 40-7 | 22 4th, 9am.| 40-9 | 41°8 | 421 | 4271 | 90 
» 20th, 9am. | 41-3 | 416; 414/424 | 19 | ., 4, 12 ,, | 418 | 421 | 41-9 | 42-0 | 22 
mee 12, | 41-0 | 420 | 412 | 419 | 93 | |, ,, Gpm.| 42:2 | 41-7 | 491 | 418 | 23 
Mee Gpm.| 41-4 | 421 | 410/413 | 23 | ,, ., 9 o | 414 | 412 | 44 | 41-3]. 21 
Meo, | 41-1 | 41:8 | 40-5 | 406 | 91 "12 | | 40:6 | 40°8 | 40:8 | 40°3 | 19 
» » 12 ,, | 408 | 40-4 | 40-7 | 404 | 21 ” 5th, 3am. | 405 | 40-7 | 40-4 | 40-7 | 18 
Bi seb cer | 0h | aes | aoe | ae | oh | ats) oh fata | 9] 
” ” ; : : ‘ ” ” ” 5 aelte ie : 2 
eo . | 410 | 421 | 208 | 420 | 20 | 2 1a 2 | 419 | 497] 495 | 42-2 | 99 
h > 12 4 | 41-1 | 41-6 | 419 | 422] 93 | |, 4 3pm.| 42:3 | 42-1 | 41-9 | 421 | 93 
See opm.) 415 | 42:0 | 413 | 422 | 92 | |, 6, «| 42:1 | 41-8 | 42:3 | 41-8 | 93 
Reo, |) 41-3 | 418 | 409 | 415 | 23 | fo |, | 416 | 41-0 |4ia | 416 | 20 
» » 9 5, | 40-9 | 40:3| 40-6 | 41-0 | 20 12 404 | 40°6 | 406 | 407 | 18 
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by A”; two died on May 8rd, and the remaining four were mothered by both A’ 
and A” 
Both B’ and B” were laying throughout the whole period at the rate of one egg 


HENS MRSERRECES JOCKNeeseCne Le 
LTTE [eal lll aN Ee ate es i eecatn Ga 
BUDGE RSA RNE OR COReRE ss eee 
REQRHORED PSE emaGHae sow 
BR GRRER) Aa Waas wees a) 


41 


6% 8 910 1012 1 23 4 5 6 7 8 9 10t1 1292.3) 4 b6 7 89) 10 tite 


40 


Fic. 3.-—Chart showing temperature curves of hens A’ (interrupted line, brooding) at end of first week of 
owes and B’ (continuous line, control), April 13th and 14th, 


every second or third day. Although B’ was confined in a narrow space it appeared 
to be a particularly active bird; when observed during the day it was rarely sitting, but 
nearly always standing or walking backwards and forwards within the narrow limits of 


Midn’t a.m. Noon. p.m. 


Pie oe) De SenRaeenaE 
ge Hs MS lc i Se al aa 
“FRREEEEEEEE ota 


67 8 B10 112 7 2934 6 6 7 89) LO ae 2 Sid wb 67 Sino OH 12 


Fic. 4.—Chart showing temperature curves of hens A’ (interrupted line, brooding) one week after end of incubation 
period, and B’ (continuous line, control), May 4th and 5th. 


its cage. In this respect its selection as a control was unfortunate, since I was desirous 
of having a resting but non-incubating hen. 

A further series of observations was made for me in May and June by Mr W. G. 
Krum, to whom I would take this opportunity of expressing my thanks. Three ‘‘ broody” 
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hens were selected (C, C’, C”); the rectal temperature was taken at noon on May 23rd, 
24th, and 25th, and on the 26th they were set on duck’s eggs and the temperature 


Midn’t a.m. Noon. p.m, 


EE 
BEECEEEEEEEEEEEHEEERL ELLY 


Jee Rees ael 2eRaNGes nan 
CNS AEE Rees a 
US Gee eseees eH CEE ae 


ERS Qgeterise eorneee 

Ea GN oe e ices ace i LHL 

LENSES EES eaeee BUSA Zee RS GEEe 

JO SC SENGER cp ean Ieee aeEeeie S228 

crud nainidasssttestataatateavie 
a ete ae eae LEE 


oe oe see 203 AN5 R67 SOTO 22 (2) 3) 4 5 6) 78) 9) 10 1H 12 


42°C, 


Fic. 5.—Chart showing temperature curves of Hens A” (interrupted line, brooding) on third and fourth days of incubation, 
and B” (continuous line, control), April 13th and 14th, 


recorded at the same hour (noon) daily, with one or two interruptions, until three 
days after the ducklings were hatched. One of the hens became sick and died in the 


p.m. Midn’t. a.m. Noon. p.m. 


CEEPEEEEEEEEEEEEPeeeEePePre ced 


Fic. 6.—Chart showing temperature curves of Hens A” (interrupted line, brooding) on third and fourth days after hatching 
out chicks, and B” (continuous line, control), May 4th and 5th. 


third week of incubation. This is the only series in which observations were made 
immediately before the brooding period began as well as after the hatching was 
completed. (Table III.) 
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TasLeE III. 


Records of Rectal Temperature from two Brooding Hens, C and C’, taken at noon before, 
during, and after incubation. The Mean Temperature for three days before 
incubation, for each week during incubation, and for three days after hatching 
is also shown. 


1909. c: Cin Room. 1909, C. Ch Room. 
ia, 05 ae: HC? “€ aC: SC; 
May 23 42:1 41°8 ae June 8 40°7 40°6 18 
5» 24 41°8 41:7 Se na hae, 40°6 41:0 17 
5 2 42:1 41°9 a  hO 41:2 41°3 21 
eels 41°2 41°6 21 
5, oe 41:0 41°3 23 
26 41°6 41-1 23 pe aly alae ZN 24 
ge 41:0 41:1 24 ple 41-2 41:0 19 
8 41-4 41°7 16 bale 41-0 40:5 10 
a) 41°4 41°0 cl 37 ks 40°6 40°6 23 
a ut 41°6 411 24 ay ls) Hatching a 
June 1 41:7 41°4 24 ” 20 ” 

ne 2 41°5 411 26 
eS: 414 40°7 27 
i ep 41:2 41-0 21 ee 42°2 41:3 ys 
ae 16 40°5 40°4 18 iY 22 42:2 42°2 31 
pea A, 41-0 40°7 21 med 41:4 41°2 22 

Before brooding. : : : ; ‘ , i aa) 41°8 

First week . : : ; ; : ; ; : 41°45 41:23 

Second week . : : : : 3 : : .| 4117 40°84 

Third week . ? ; ; , : ; : ‘ 41:01 41°12 

After hatching ; : . : : ; : . | 41°93 41°57 


CoMPARISON OF RESULTS WITH THOSE OF FORMER OBSERVERS AND CONCLUSIONS 
TO BE DRAWN FROM THEM. 


On consulting Professor Rice, of the New York State Agricultural College, as to the 
existence of any data on the subject before beginning the second set of experiments, he 
informed me that some observations had been made in his department in 1903 by — 
Messrs H. F. Prince and H. Jenninas, and gave me access to the figures. They found 
no marked difference in the temperature of the hen from the time she began to incubate 
to the time she hatched... . ‘The point to notice is that the broody temperature 
was not abnormally low or abnormally high. It was rather under what we would expect to 
find in broody hens if they actually had a so-called broody fever” (1). They also found 
incidentally that the rectal temperature of hens which had just deposited an egg was 
about two degrees (Fahrenheit) above the normal, due to the exertion and excitement 
attendant upon the operation. | 

In 1907 A. C, EyctesHymer (2) studied experimentally many factors in the natural 
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and artificial incubation of the eggs of the common fowl, and amongst others, the 
temperature of the fowl and of the eggs during incubation. In one set of experiments, 
in order to avoid disturbing the hen in determining its temperature, special self-register- 
ing thermometers were fastened to blocks so cut that their upper surfaces in contact 
with the hen’s body were egg-shaped, the lower surfaces being broad and flat so that 
they could not be overturned. One of these was placed in each of four nests and 
left for two or three hours when the reading was made. A second set of readings was 
obtained from another group of four hens by gently removing the hen from the nest and 
placing the thermometer in the groin for five minutes. It is not stated at what hour of 
the day the temperatures were taken, nor whether they were taken at the same hour on 
successive days. ‘his is a point of considerable importance. In both sets the tem- 
perature was found to be lowest the first day, and lower on the first three or four days 
than on the subsequent days of incubation. 

One of HycLrsHyMEr’s objects being to find the temperature of the egg on successive 
days of incubation, this was carefully recorded by a special method, the temperature of the 
hen being taken at the same time. For the purpose of comparing his results with mine 
I show the figures he obtained for two series of observations. (Compare Tables IV. 
and V.) In the first (I.) the temperature of the hen was taken by the self-registering 
thermometer described above ; in the second (II.) by a clinical thermometer placed in the 
groin; in both, the temperature record being that of the under surface of the body 
which came into direct contact with the eggs. 

The surface temperature of the hen would therefore appear to rise slowly till about 
the end of the first week, and after that to remain more or less constant ; the tempera- 
ture of the egg, on the other hand, increases steadily to the end of incubation. 
According to my observations, which agree with those made in Professor Ricr’s 
department, the imternal temperature of the incubating hen remains about the same 
level from the first day until the beginning of hatching, when there is a slight rise, which 
is probably to be accounted for by the increased excitement of the hen at that time. 
EYCLESHYMER’S figures are from a single observation daily—he does not say at what 
hour; mine show the mean of three daily observations made at corresponding hours on 
successive days. 

The fact that the surface temperature of the hen rises gradually during the first few 
days of incubation has also been noted by CypHurs (3). He says: ‘If during the first 
few days of incubation we place a suitable thermometer beneath the hen in about the 
same position as the eggs are placed, there will be imparted to it a temperature of about 
101° F. (38°3°C.) only, although a glass placed in the rectum will register from 109 to 110 
(42°8° to 43°3° C.).. . . By the end of the first week of incubation the temperature in 
the rectum will be about 109; by the end of the second week it will have fallen to 108 ; 
and sometimes by the end of the third week to 106 degrees. One hen with a rectum 
temperature of 106 at the end of incubation was killed the fourth day following, and was 


found to have a temperature in the region of the heart of 110° F. (43°3° C.). 
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TasB_e IV. 


Mean Temperatures from three Observations made at the same hours (7 a.m., 7 p.m., 
and midnight in the case of A and B; 9 a.m., noon, and 6 p.m. in the case 
of A’, A", B’, and B") in Hens A, A’, A" (Incubating) and B, B’, B” (Controls), — 
during the whole period of incubation and five days after hatching. 


Hen. 1 A dit 4 5 6 T\ 8 ae ie ae. 12 | 
°C. [PQ GR GS Grip eC iE PO aCe ore ke Ce 
A | 41°07| ... | 40°73] 40:57] 40-7 | 40-6 | 40°53] 40-9 | 40°47] 40-73] 40-7 | 40°63 
B 41:23} ... | 40:93] 41°30] 40°73] 40°80] 41:13] 41:03] 40°87| 41:10| 41:23] 40-70 
| 
A’ |... | 40°73) 40°83} ... | 40°63| 40-87] 41-0 | 41-40] 41:27] 41-17] 41-43] 41-20 
B’ | a... | 41°47] 41°60] ... | 41:07] 41:47] 41°97] 41°93] 41°53) 42:03) 41:47) 41°57 
A” | 40:93] 40-93] 41:10} 40-:97| 40°60] 40°87] 40°87! ... | 41:20] 40°97| 41:17 
B” | 41:93] 42°00] 42°07! 41°67| 41:93] 42°30] 41°70| ... | 41°87] 41:90] 41-60 
Hen. | 13 14 15 16 17 18 19 20 21 22 23 24 25 
oc Cae ad Oka Cn mL OCG Cn nd CUM LGC CMM Om anon a= (Own Cl, 
A | 40°67] 40°73] 40-70]... | 40°70! 40°90] 40°63] 41°13] 41°40] 41°50] 41°53] 41:17] 41:00 
B 40°67 | 41°37] 40°93] ... | 40°80] 40°63! 40:83] 40°63] 40°77] 40°93] 40°87] 41:10| 41:03 
| : 
i ro) 
A’ ... | 41:23] 41°20] 41:00) ... | 41:17] 41-40] 41:50] 41°31] 41°17] 41-40| 41°30] 41-63) = 
B’ .. | 41°90] 41°83] 41°63}... | 41-80} 41°47] 41-80] 41°73| 41-67) 41°70} 41-77] 41°97/8 
[=~ 
5 
da 


A” | 41:03} 41°57} 41:00] 41°17 | 41°10] 41°53) 41°77 | 42°00] 42°10] 42°03] 42-03] 42°70 
BY” | 41°67] 41:50] 42°03] 42°03) 42:00) 41°83) 42°00] 42°03) 41-80) 41°63] 41°97| 41:97 


According to CypHerrs, the reason why the temperature of the egg rises from the 
beginning to the end of incubation is to be found in the fact that in the early days a 
layer of down or feathers intervenes between the body and the eggs, but as incubation 
progresses the feathers covering the abdomen either fall off or are plucked off, and the 
eggs are then brought into direct contact with the incubating body of the hen, “so that 
notwithstanding the greater body temperature of the hen at the commencement of 
incubation, the temperature of the surface which imparts the warmth to the egg is not 
much inferior during the later stages of incubation to that of the earlier.” 

From EyciesHyMer’s experiments it would appear that the surface temperature of © 
the hen rises gradually throughout the early days of incubation along with the tempera- 
ture of the egg, while CypHsErs says that the rectal temperature falls as that of the egg 
rises. Both omit to mention at what hour the records were made. In my experiments 
I find that there is practically no change in the rectal temperature of the incubating hen 
from the commencement to the end of the period, except that it appears to rise slightly 
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Taste V. (From HyCcLESHYMER. ) 


Surface Temperature of Hen compared with Temperature of Centre of Egg on 
Successive Days of Incubation. In Series I. the temperature was taken without 
disturbing the hen; in Series II. the hen was raised from the nest and a 
clincal thermometer placed in the groin. 


I 1 2 3 4 5 | 6 | 7 8 9 10 
ne: aC ae ae: C Cai C: SCC: TC: 
Hen 39°0 39°4 39°7 40°0 39°9 405 | 40:3 40°3 | 40°5 40°5 
Egg . 36°7 37°9 38'1 38'1 38°0 38°3 388 39°2 38°7 38°9 
I 11 12 13 14 15 16 Ai 18 19 20 
Hen. : | 404 40°6 40:3 | 40°5 40°6 40°5 40°3 40-4 40°3 40°3 
Egg . : 5 || aise) 39°0 38°9 39°2 39°0 39°4 391 39°4 39°4 39°4 
Il. i 2 3 4 5 6 7 8 9 10 
Hen . . | 39-4 40°5 40°4 40:1 40°6 40°5 40-4 40:4 40°5 40°5 
Egg . : ; 37°5 37°38 | 379 38'1 381 38°3 38:1 38°1 386 38°6 
106 eel: 12 13 14 15 16 if 18 Wg 20 
Hen . ‘ . | 40°4 40°5 40:4 40°4 40°6 40°5 | 40°8 40:0 40:0 40:0 
Egg . : i) 006 38°4 38:2 38°8 38°9 38°8 39°0 38°9 39-1 39°1 


during the hatching. After the hatching is completed, and especially on the second and 
third days when the hen begins to move about and make provision for the wants of her 
brood, the body temperature rises distinctly and is higher than that of the control hen, 
a fact which is to be accounted for by the greater activity of the mother-hen. 

However, while the temperature of the incubating hen is lower during the day than 
that of the control, during the night and early morning itis frequently higher, so that 
if the temperature means for the twenty-four hours are compared in the two cases, that 
of the brooding hen is only slightly the lower. (See Table VI.) The difference, 
therefore, is not to be found so much in the mean temperature as in the diurnal tempera- 
ture range. This is greatly reduced in the brooding hen, so that the internal body 
temperature remains much more uniform throughout the whole period of incubation 
than in its ordinary active state. (See figs. 1, 3, and 5.) After hatching, the daily 
variation in the mother-hen is greater than in the control. (Figs. 2, 4, and 6.) 

This uniformity in the temperature of the brooding hen is probably due entirely 
to the absence of the regular alternation of rest and activity, the lower temperature 
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TasLE VI, 


This shows the Mean Temperature of the Incubating and Control Hens for the 
twenty-four hours on the 8th, 15th, 22nd, and 29th days after the beginning 
of incubation. 


Day of 
Incubation. 5 | 15 22 | 29 
A 40:79 | 40°66 41°42 41:38 
B 41:03 | 40°91 40:98 41:19 
Day of | | | 
Incubation. 8 15 22 29 i 
iN 41:14 41:08 41:07 41:49 | 
B’ 41-19 | 41-13 | 41-18 | 41°31 | 
Day of : 
Incubation. 4 11 18 25 
IN 40°78 40°84 40°84 41:49 
18y 41:26 41°43 41°40 41°33 4 


= t 
H 


during the night being associated with the depressant action of the darkness and silence 
on the bodily tone, in addition to the cessation of the coarser muscular movements. 
The fact that the temperature of the control is lower in the night than that of the 
brooding hen, may be explained as the result of the increased depression of ea 4 
following on the more active condition during the day. 

The curves of A’ and B’ (fig. 3) correspond more closely than either of the other two 
pairs, where B’ was kept in confinement to some extent, and from this we may conclude 
that the brooding condition of the hen has no relation to the modified character of the 
curve apart from its change of habit with regard to muscular activity ; and if one could 
induce a non-brooding hen to remain quiescent for a similar period, the same result might 
be obtained. If the temperature of the brooding hen had been uniformly higher or 
lower than in the control, then it would be necessary to assume the existence of influences 
other than those which we know to affect directly the body temperature ; but the 
modification in the temperature curve which does take place, is exactly what one would 
expect to find in association with the altered habits of the hen. The results, then, point 
to the conclusion that the diurnal variation in the body temperature is determined by 
the alternating states of rest and activity. 
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SUMMARY. 


1. The rectal temperature of the brooding hen shows little change throughout the 
whole period of incubation until the chickens begin to be hatched, when it rises 
perceptibly. 

2. The mean temperature for the twenty-four hours is a few tenths of a degree 
below that of the control hen. The diurnal range is diminished, and, while the day 
temperature is lower than that of the control, the night temperature is usually higher. 

3. For some days after hatching, the day temperature of the mother-hen is higher 
than that of the control and the range is greater. 

4, The modification in the diurnal temperature curve during incubation is such as 
one would associate with the altered habits of the hen apart altogether from the 
brooding condition. 
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XXII.—The Temperature Seiche. Part I. Temperature Observations in the Madiisee, 
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OBSERVATIONS IN THE MADUSEE. 


§ 1. A short description of some temperature observations in the Madiisee has 
been published in the Scottish Geographical Magazne for December 1910, and this 
communication aims at giving a more complete description of the observations with a 
first attempt at the mathematical discussion of oscillations at the surface of separation 
of two liquids in a basin of varying depth and cross-section. 

§ 2. The article published in the Geographical Magazine narrates that the origin 
of the observations was a desire on the part of the author to convince Professor 
Haprass, formerly of Neuhaldensleben, and now of Jena, that the theory of temperature 
oscillations propounded by members of the Scottish Lake Survey * was of universal 
application, and was not limited to Scottish lakes. Hatprasst was of opinion that 
the peculiar character of our lakes—the deep valleys in which they are usually situated 
and their steep shores—made it dangerous and unwarrantable to generalise from our 
observations. At the same time an attack was made on our theory by Professor 
K. A. Brrex,t Wisconsin, U.S.A., who thought that the oscillations observed in Loch 
Ness might quite well be explained by reference to meteorological conditions. 
Observations made by Dr Exner§ in the Wolfgangsee had shown the existence of a 
temperature seiche there, but the evidence afforded by these observations was not 
altogether convincing to Professor Hatprass. The author therefore suggested to him 
that a joint expedition should be made in July or August to a lake of his choosing, 
and observations made according to the methods used by the Scottish Lake Survey. 

§ 3. Professor HaLprass at once fell in with this suggestion, and his choice of a 
lake was the Madiisee,|| in Hinter Pommern. This lake has a maximum depth of 


* Trans. R.S.E., xlv. (ii.), p. 420. Report on the Scientific Results of the Scottish Lake Survey, vol. i. p. 125, 
Challenger Office, Edinburgh, 1910. 

+ “Zur Frage der Temperaturseiches,” Pet. Geogr. Mitt., 1909, Heft 12. 

{ “On the Evidence for Temperature Seiches,” Trans. Wise Acad. Sciences, Arts, and Letters, xvi. (ii.), 1005. 

§ Setaber. der K. Akad. d. Wiss. in Wien, math.-nat. K1., cvii., Abt. iia, Jan. and Dec. 1908. 

|| The following is a note of literature dealing with the physics of the Madiisee :—Ha.prass, “ Beitrage zur 
Kenntnis der Pommerschen Seen,” Pet. Geogr. Mitt., 1901, Erginzungsheft No. 136. “Stehende Seespiegelsch- 
wankungen (Seiches) im Madiisee in Pommern,” Zeitschr. fiir Gewéisserkunde, v. 15, vi. 65 (1902). Samer, “ Der 
Madiisee,” Archiv fiir Naturgeschichte, 71 Jahrg., Bd. i., Heft 3, 1905. (This includes an excellent chart of the lake.) 
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42 metres and a length of 17 kilometres. The district was well known to Ha.prass, 
as he had made previous surveys and seiche investigations there, and the author is 
much indebted to him for the manner in which he made arrangements in advance 
which ensured the smooth progress of the observations once they were begun. Professor 
Haxprass also secured numerous assistants: FrinpRIcH KNIERIEM, Bad Neuheim, and 
JosepH Muxurr, Aachen, students of geography, observed during the whole period, 
and Herr Prpsr, bailiff of the Royal fisheries in the lake, helped them. Assistance 
was given for various periods by the following gentlemen: Herr RererEnDAR HeERMms, 
Tempelburg, Herr Puiturp, and Herr Berxnouz of Pyritz. Herr Dorow, the lessee 
of the fishings, frequently put his motor boat at the service of the observers for 
communication between the different stations, and this was a great convenience. To 
all these the author wishes to express his thanks* for assistance ungrudgingly given. 
The Survey party from this country besides the author included Mr W. E. Oeitviz, 
Broughty Ferry, and as boatman Mr Wm. Macponatp, Fort Augustus. 

§ 4. The Madiisee is very different from Scottish lakes, for the shores at every 
point shelve very gradually, and in most places there is a fringe of reeds, at times 
of considerable breadth. The surrounding country is flat, and winds can therefore 
blow over the lake from any direction. The basin of the lake is fairly uniform, and 
there is no sudden shallowing. There is, however, an unfortunate constriction near 
the centre of the lake, otherwise it would have been excellently adapted for observing 
temperature oscillations, in spite of the shelving shores. It will be seen in the 
sequel that shelving shores are not nearly so important for temperature oscillations 
as they are for the ordinary seiche, and, on the whole, the observations which were 
obtained were successful and should remove all reasonable doubt as to the existence 
of temperature seiches. Between the views of Professor HatBrass and the author 
there is now close agreement. 

§ 5. Preliminary observations were made on 24th July to determine roughly the — 
nature of the temperature distribution in the lake, and it was found that there was 
a clear Sprungschicht or temperature discontinuity which promised interesting results. 
Three observation stations were determined on, viz.—Moritzfelde at the north end, 
Seelow at the centre, and Werben at the south end. At Werben, in order to get a 
sufficient depth of water, it was necessary to observe at a considerable distance from 
the end of the lake. The positions are marked on the sketch-may, fig. 1, by a cross. 
On this map depth contours are drawn for each 10 metres. It will be seen that there 
are numerous villages along the shores of the lake; but the roads between these 
villages were very bad, which made communication between different parts of the 
lake difficult. The observations at Moritzfelde were under charge of Herr Knrertem 


* Acknowledgment is also made to the following institutions which lent instruments to Professor HALBFASS :— 
The Deutsche Seewarte for a reversing thermometer, the Kgl. Preuss. Meteorological Institute for a wind-meter, and 
the Institute of Meereskunde, Berlin, for current-meter and sounding lines. From this country several thermometers 
were lent from the Challenger Office by Sir Jonn Murray, K.C.B. 
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and Herr Mtuier, at Werben Professor Hatprass himself was in charge, while the 
author divided his attention between Seelow and Moritzfelde. 
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§ 6. Observations, when possible, were made three or four times a day at each station, 
—readings of temperature being made for each metre of depth except when the tem- 
perature gradient was very small. From 8 a.m. on 30th July to 8 p.m. on 31st July 
at Moritzfelde and Werben, and to 8 a.m. on Ist August at Seelow, observations were 
made at intervals of two hours, and again from 8 a.m. on 9th August to 6 P.M. on 12th 
August two-hourly observations were made at Moritzfelde and Werben. As the results 
being obtained were interesting, the observations were continued for other two days at 
Moritzfelde at intervals of three hours. The night observations in a small boat were 
very trying to the observers, and they deserve all credit for what they accomplished. 
During the three weeks’ observations more than 3000 temperature readings were made. 

§ 7. During the greater part of the time the winds were light. From 24th to 27th 
July they were of moderate strength and from a southerly or south-westerly direction. 
From 28th July to 4th August there were calms, with occasional breezes of moderate 
strength and of variable direction. During this period the winds frequently blew from 
the north-west in the morning and veered round through north to north-east in the 
course of the day. On 5th August there was a westerly to north-westerly breeze of 
moderate strength, and north-westerly winds continued till 11th August. Except on 
7th August (on which day no observations could be taken at Werben) they were always 
of moderate strength. On the evening of 12th August a strong 8.8. W. wind commenced 
and continued to blow till about 6 p.m. on the 13th. On 14th August there was calm. 
Professor Hatprass had with him a small hand wind-gauge, and the following are 
some of the wind velocities recorded by him. The amount of cloud is also indicated in 
the table. 


a: Max. Wind Velocity in Gleca. 
Metres per Sec. 
July 25 | S.W. (stormy) Dull. 
5 26S We 4 iy 
pe tle || nou We: . 
Ome Nee Cloudless. 
ay N.E. 1-3 (mostly calm) | a.m. cloudless; p.m. dull. 
ay ae) Calm Clouds ‘5. 
» ol | S.W. 3 (mostly calm) Cloudless. 
Aug. 1 Calm Overcast. 
» 2 | W. 3 (mostly calm) Clouds ‘5. 
vr) eo Wao 1 A.M. cloudless; P.M. overcast. 
oe Ee R2S Wie Overcast. 
5 8 | WOS.W.o5, NEW pe 
ap OF SNE NEES Clouds ‘5. 
Se mill Stormy, N.W. Overcast. 
» 8 | N.-N.W. (strong gusts) 
on AWG Hs 
iy. ° LOT) CNG WV ns 
ee ull N.N.W. 4 (mostly calm) | Clouds ‘5. 
» 12 | Variable se 
» 13 | S.S.W. (strong) Overcast. 
Dele Variable—calm Bright. 
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§ &. The method of discussing the observations was as follows :—For each series of 
temperatures a temperature-depth curve was drawn, and from these curves could be 
read off the depths at which particular temperatures occurred. When all these curves 
had been drawn for each station, the depths at which temperatures of 16°, 14°, 12°, 10°, 
and 8° C. occurred were plotted against the time of occurrence, a separate curve being 
drawn for each temperature and each station. This final curve is reproduced in Plate I. 
The continuous curve represents Moritzfelde observations, the dotted line Seelow, and 
the dashed line Werben. Of course the interpolations in drawing these curves are con- 
siderable, for, except from 30th to 31st July, and from 9th to 14th August, no observa- 
tions were made during the night. On the Moritzfelde curve for 16° C. the hours of 
actual observations are marked by a dot, but these dots have been omitted from the 
other curves to avoid complication. Usually the observations at the various stations 
were simultaneous. 

§ 9. That there are periodic temperature oscillations appears clearly from these 
curves, the period being between 24 and 25 hours. Hg. take the period from 8 a.m. 
on 7th to 11 a.m. on 14th August—7 days 3 hours, with seven oscillations—period 
24°4 hours. Or take the period at the beginning of the observations, from 8 P.M. on 
25th July to midnight on the 28th—3 days 4 hours, with three oscillations—period 25°3 
hours. Thus the period seems to have been shorter in August than in July. An 
examination of the observations shows the reason of this, for in August the temperature 
discontinuity was much more marked than in July, and the difference of density 
between the upper and lower layers being sharper, a shorter period is to be expected. 
The opposition in the phase of the oscillations at the two ends of the lake appears very 
clearly. The oscillations at Seelow near the centre of the lake are very much smaller 
than at the ends. This sufficiently proves that the oscillations are due to a standing 
wave and are not due to travelling waves reflected backwards and forwards from one 
end to the other, for then the amplitude at Seelow would have been nearly the 
same as at Moritzfelde and Werben. On the whole, the oscillations at Seelow are 
of the same phase as those observed at Moritzfelde, indicating that the node is towards 
Werben. 

§ 10. At first the fact that the period was so nearly 24 hours raised suspicion that 
the oscillations might be caused by some diurnal influence. ‘This suspicion was all the 
stronger because oscillations observed by Dr Exnrr* had also approximately a 24-hour 
period. Itis possible that the diurnal variation in the direction of the wind above 
referred to may have caused a forced seiche, or at least have helped to maintain the 
amplitude of an existing seiche, but that each oscillation was caused by some change 
in meteorological conditions seemed impossible even to observers who came prepared 
to doubt. 

§ 11. The starting of a seiche by the strong winds on 5th, 6th, and 7th August is 
well marked, as is also the dying away of an existing seiche on 31st July and lst 


* Op. cit. 
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August, during calm and variable winds. The rapidity with which the oscillation dies 
down is rather remarkable. Perhaps a breeze which sprang up about 8 a.m. on 31st July 
occurred in such a way as to kill down the existing oscillation almost entirely, without 
being suthciently strong to cause another series of oscillations. There is nothing note- 
worthy in the fact that during the variable winds and calms from 1st to 5th August 
no oscillations were started, as the winds were not strong enough or steady enough to 
produce an alteration in the normal level (or a tilt) of the isotherms. Fig. 2 shows in 


METRES 2 


rather a different manner and on a large scale the observations at Moritzfelde from 
9th to 14th Aucust. ‘The relative positions of the isotherms are shown on this diagram, — 
and the most noteworthy fact is the bunching together of the surface isotherms after 
the occurrence of the strong winds in August. This will be referred to later. 

§ 12. The observations in the Madiisee bear out fully all the generalisations made 
from observations in Scottish lakes, and the views held by the Scottish observers do 
not require modification in any important particular, although perhaps the statement 
of them, which was put crudely to draw attention to important points, might be 
bettered. Some misapprehension seems to have been caused by the statement that 
when a temperature discontinuity has formed a lake acts as if it were divided into two 
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compartments, the temperature changes in the upper layer being directly due to wind 
eurrents and other meteorological factors, while below the discontinuity the changes are 
due to a seiche or oscillation. ‘This is essentially true. A glance at fig. 2 will show 
it true in the Madiisee, for while the surface isotherms are subjeet to aperiodic fluctuations, 
the lower isotherms fluctuate periodically. Except in high storms the wind-produced 
currents are only felt to a limited depth. Of course an alteration in the disposition of 
isotherms in the surface layer alters the density distribution not only in the surface 
layer but all over the lake, and so the effect of wind currents is indirectly felt, and it 
is indeed these alterations in the density distribution of the surface layer which cause 
the temperature seiche. The wind currents seldom penetrate below the discontinuity.. 
The temperature oscillations and other waves at the layer of discontinuity are the most 
important phenomena to be observed and discussed. It is believed from experimental 
observations that there are often waves propagated along the surface of separation 
between the warm and cold water in a lake, and it should be possible to detect these by 
direct observation. 

§ 13. Before passing on to the theory of the temperature oscillations, there are one 
or two points about the temperatures observed which call for attention. At Werben, 
where Professor Hatprass observed, it was common to find that at the bottom of the 
lake there was a rise in temperature of ‘1° or 2° C. Similar inversions of temperature 
were not observed at Seelow or Moritzfelde, though they have been recorded in other 
lakes where there is an accumulation of decomposing organic matter at the bottom. 
Observations just at the bottom were not taken so often at Seelow and Moritzfelde as at 
Werben, but when they were taken no inversion was observed. Possible reasons for 
the presence of inversions at Werben and their absence at the other stations are :— 
(1) At Werben there is a very gradual shelving of the lake bottom, and decomposing 
matter may accumulate there more quickly than at Moritzfelde, where the slope of the 
bottom is steeper; (2) currents may prevent accumulation of organic matter on the 
relatively steep slopes -at Seelow and Moritzfelde; (3) at Seelow there is a stream 
entering the lake which brings down inorganic matter, and the muds there are of a 
different character from other parts of the lake: this stream may carry a supply of 
oxygen to the bottom of the lake and favour rapid decomposition ; (4) the observations 
at Seelow were made in deeper water than at Werben, and deposits of organic matter 
would therefore probably be less. 

§ 14. Elsewhere * attention has been drawn to the very rapid temperature changes 
which are found at the discontinuity layer. An example of this was found at Moritzfelde 
on 12th August. The observations on that date were so erratic that some of them 
(those at noon) were omitted in drawing the diagram in Plate I. The following are 
the observations made on that day t :— 


* Trans. Roy. Soc. Edin., xlv. (ii.) p. 430. 
+ Hours are numbered continuously from midnight to midnight. Figures appearing after the point denote 
minutes after the hour, 
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MORITZFELDE, 12¢h August 1910. 
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If the observations at midday and 2 p.m. (14 h.) are referred to, it will be seen that 
the temperature changes are very erratic, and that at the same time the discontinuity 
in temperature is very sharp. At midday a difference of 9°3° C. between 14 and 
15 metres of depth is recorded, and though it is probable that this is exaggerated by 
convection currents and the fact that the observations were not made simultaneously, 
even at 16 h. (4 p.m.), when the observations indicate a steadier state of affairs, there is a 
difference of 7°8° C. in one metre, and at midnight one of 6'4°C. Other examples of 
sharp temperature discontinuities are a difference of 6°7° C. in one metre on 26th, on 
27th July of 6°4°, at midnight on 12th August of 6°4°, at 4 a.m. on 13th August of 
5°7°, and at 6 p.m. on 13th August of 7°8° C. 

§ 15. It was noted in Loch Ness that the discontinuity was sharper at the lee than 
at the windward end of the lake. This was also the case in the Madiisee, and is well 
illustrated by fig. 8. The heavy continuous line in this diagram shows the maximum 
fall in temperature through one metre at Moritzfelde—taking means of the maxima from 
each day’s observations. The broken line shows the same thing for Werben. When 
these curves are compared with the wind directions previously given, the relation between 
wind directions and the sharpness of the discontinuity is at once apparent. It is also 
seen that the stronger the wind the sharper becomes the discontinuity. The explana- 
tion of this last phenomenon is that a strong wind mixes up rapidly the surface layers 
which in calm weather get heated up by conduction, solar radiation, etc. ‘This is 
illustrated by fig. 2, for it is seen that the strong winds blowing on 12th Augus 
had the effect of making all the isotherms from 10° to 17° bunch together ; that is, 


PART I.: TEMPERATURE OBSERVATIONS IN THE MADUSEE, POMERANIA. 627 


effect of the wind was to make the discontinuity very sharp, and to make the water 
above the discontinuity of practically uniform temperature. The same thing is shown 
otherwise by the light line on fig. 3, which represents the range of temperature in the 
first 10 metres from the surface at Moritzfelde—again taking means of each day’s 
observations. ‘This diagram shows how rapidly the temperature gradient at the surface 
increases during calm weather and how rapidly the water becomes mixed up during 
strong winds, until there may be only ‘1° or ‘2° C. of difference between the temperature 
at the surface and at a depth of 8 to 10 metres. 

§ 16. The temperature changes on 6th August are a little puzzling. Reference to 
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Plate I. shows that a new series of oscillations was started on that date, and fig. 2 shows 
a sudden decrease of the sharpness of the discontinuity and a simultaneous rise in the 
surface temperature gradient. At the same time a strong wind was blowing, so the 
lake behaved in an unexpected manner. But a closer examination of the observations on 
5th, 6th, and 7th August gives the explanation. On 5th August the mean temperature 
of the surface Jayers was about 19°C., and on 7th August 18°C, This is because the 
wind was sufficiently strong to cause the discontinuity layer to rise to the surface at 
the windward end. Therefore some of the colder water mixed with the bottom water, 
and until this mixing process was complete there was a considerable temperature gradient 
at the surface. After a short time we find the lake behaving in the usual manner. 


§ 17. The observations in the Madiisee have served the purpose for which they were 
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organised. ‘They have demonstrated the existence of a temperature seiche the period 
of which agrees with surprising accuracy with the computed period and which has an 
amplitude of about 10 metres, 2.e. about one-quarter of the depth of the lake. This 
amplitude is relatively to depth about the same as that of the Loch Ness temperature 
seiches, which had an amplitude of from 150 to 200 feet. Professor BrrcE thought that 
such an amplitude was impossible without serious disturbances occurring at the surface, 
but this is evidently due to a misconception of the nature of the motion of the water. 
But the observations will, it is hoped, have a wider effect than the mere proving 
the existence of temperature oscillations in the Madiisee. They should demonstrate to 
other observers the necessity for more careful investigation of lake temperatures and 
the futility of basing comparisons between lakes on observations made at one point and 
at considerable intervals of time. With numerous observers and continuous observations _ 
it may become possible to correlate quantitatively wind velocities and temperature 
changes, and it is thought that physical research in lakes should now be directed to that — 
end. Another problem which invites investigation is the nature of the temperature — 
changes which occur within the discontinuity layer itself. Of these we know nothing, 
except that they are frequently large and rapid. It is likely that progressive waves are 
propagated in that layer, and they could be detected by simultaneous observations made 
at close intervals along the lake. Apparent irregularities in the temperature seiche 
oscillations can easily be explained on the assumption of the interference of progressive 
waves, and from experimental observations which are being carried out, it is likely that 
waves are propagated at the discontinuity whenever there is a change in the direction 
or in the force of the wind. 


eA elle 
THEORY OF TEMPERATURE OSCILLATIONS. 


§ 18. The nature of oscillations at the surface of separation of two heavy liquids of 
different density in canals of rectangular section and uniform depth is suthciently known 
and is dealt with in most text-books.* The velocity of propagation of these waves is 


given by the equation 
tle Pap. 
k pcoth kh+p' coth kh’ 


where p and h, p’ and h’ are respectively the densities and depths of the two liquids. 


and A is the wave-length, since k= = coth kh = i and equation (1) simplifies to 
v 
Pip 
ce =o , 
PP 
ATW 


* Lama, Hydrodynamics (1906 ed.), p. 353. 
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and if the canal is limited by a perpendicular face at either end, and is of length /, we 
get as the period of standing oscillations, where v denotes the number of nodes, 


pou 

a Lath . . 16) 
v ss 
gp —p) 


and this is the equation which has hitherto been used for calculating the period of 
temperature seiches in lakes. 

§ 19. In arriving at these equations, vertical acceleration has been disregarded, and 
will be disregarded, in what follows. Second order equations for the motion at the 
surface of separation of two liquids have been considered by Mr H. J. Prizstiey,* who 
concludes that the period given by the First Order Equation is too low. 

§ 20. Dr W. Scumipr,t Vienna, through interest in the observations made in the 
Wolfgangsee by Dr Exner, has separately investigated the oscillations in a basin 
of rectangular cross and longitudinal section, and arrives at the equations given 
above in an elegant manner. He has also experimentally verified his results by 
noting the period of oscillations in a glass tank, the following being the results of 
these experiments :— 


Il, jg = lies f =$0)5) @m- 5: 0%em: 
p= 1:00 to — le O0Nsee: tops. = “14 sec. 
h= 675 cm. ‘it = “XO See: tine = 09) Sec: 
h’= 10°75 cm. 

2s js ING 9) Ooreme jr — OsOnem. 

1-00 Eon =) 88) See: ; tone = Oa see: 
h= 8:15 em. teaic, = 1°30 sec. bene =) 190) SEC. 
ii — 8°95) em: 

3. p= 1:058 1 =9°65 cm. C =50) om, 
p= 1:00 lam, = lO ee. tops, = 1°63 sec. 
hy — 7-65) cm. a2 O9)sec: Hey == Dl see: 
h’'= 9°65 cm. 

4. p= 1:026 1 =9°65 cm. <1 =5:0 cm. 
p00 tons. =O 28 SEC, tops, = 2°46 sec. 
h= 80 cm. lorie, Sor lO) See. trac, = 2°24 sec. 
h’'= 8°85 cm. 


§ 21. But, as was found in the case of the ordinary seiche, the rectangular approxi- 
mation to lakes does not give good results, and it is necessary to use some approximation 
which takes into account variations in breadth and depth. An extension of Professor 
Curystat’s Hydrodynamical Theory of Seiches enables this to be done (Zrans. Roy. 
Soc. Edin., xli. (iii.), p. 599, afterwards referred to as H.T.S.). 

§ 22. In what follows it is assumed that at a depth /’ in the lake there is an abrupt 
change in temperature and therefore in density, the density above this discontinuity 

* Proc. Cambridge Phil. Soc., xv. (iv.), p. 297, 1910. 


t Sitzwngsb. K. Akad. Wiss, Wien, math.-nat. Kl., Bd. exvii., Abt. iia, Jan. 1908. Dr Scumrpr has made a slight 
slip in the equation on page 96, by including n under the square root bracket. 
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being uniformly p’ and below p. Let the origin O be taken in the surface of separa- 
tion between the two layers of water, and consider any cross-section of the lake at a 
distance # from the origin measured along the longitudinal axis, which, as in the case of 
ordinary seiches, should be as nearly as possible in the average direction of the channel 
of greatest depth. Let the area of the section of the upper liquid be A’(x) and of the © 
lower liquid A(a), and the breadth of both at the surface of separation b(x). The 
volume of slices (8’ and 8) at that point will be to the first order of small quantities 
A’(a)dax and A(a)da.* 

§ 23. Suppose that after a time the slices 8’ and 8 have moved into new positions 
so that the distances of the posterior faces from O are respectively «—& and «+€. 


d/ 
Then the thickness of 8’ in its new position will be a1“), and of §, dee(1 +2), 
0x chy 


The volume of the part of S’ above the surface of separation will be A’(x—& Jdo(1 — 2), 


and of S below the surface of separation, A(w+ E)de(1 +2), It is now assumed — 


that the alteration in the level of both slices is the same throughout the slice, 


in opposite directions, but the assumption only involves quantities of the order 
— U . . . 
uses which is very small. It is further assumed that there is no transverse motion, — 


and that all the water particles in the same transverse vertical place (in each liquid 
separately) have the same horizontal velocity. This involves slipping at the surface 


of separation,t and also that (3) is a negligible quantity.t 
§ 24. We may then take the change in volume of the two slices due to a rise ( of — 
the water of the lower liquid above the surface of separation to be — b( n)¢de(1—) 


for the upper liquid and b(w)da(1 + =) for the lower liquid. 
The equations of continuity for the two liquids then are 
A'(x)da = {A'(a- €) - u(e)g) de 1 - =) : ; ; . Gy 


A(x)du = {A(a+é&)+ uae) ae 1 + =) : ; . 
that is, 
f(a) = =A’ Ole = i) te ee, . Cn 


-Am@f(ltg)-a@+o 


* Throughout I have followed Curysrat’s notation and method closely. 
+ LAmp, p. 354, t ID., p. 244. 
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or, neglecting quantities of the second order, 


b= Ha) A {Ae} ; , : 6) 


1 
Bree eral Alisa: 2) UID 


2 
§ 25. Neglecting vertical accelerations (7.e. assuming h small, and the amplitude 
g 8 8 Pp 


21 

of the oscillation also small) and considering only horizontal acceleration, the ditferences 
between the pressures on the two sides of the slices in their disturbed positions will 
simply be due to the difference in density between the two liquids and the change 
¢ in the level of the interface, z.e. g(e — p’)d¢ per unit area. 

§ 26. It is evident that the motion in the two liquids must always be opposite in 
direction if the level of the free surface of the lake is to remain undisturbed. The 
equation of motion for 9’ and S together is then 


ae B2{A'(a)é’} ae O{A(w)e} _ nae 5. 
- da( 1 - ae ame ane (148 7a) Aa ae SSCS ee me =) 


If the two liquids are to remain in contact we must have 


P{A(a)E}_ _ P{LA(w)E} 


ot? ot? 
so equation (7) may be written 
21 A(ax)é ag _0e ag 
ae | Pa(14+5 s)+ a YANG =) | ~ He - Pe ; ; ante) 
Neglecting quantities of the second order and substituting the value for ¢ from (6), 
oy A(a)E} fp p. . df 1 o{A(@)é} 
5 ee eortels glare ee) Fa :) zal be be) ox | ; bee 
ss o{ A(x)é} 
=9(p-p’) )b(a 7 6¢e) da}? : z 7 (10) 
say 
i@t Kw SS ot? aotes pyr Oe / ; ‘ SED) 
where 
u=A(x)é and v=/dxb(e) 
or 
0 —p Ou 
ene eet a) - . a ee) 
A(w) * Ae) 
26-150 = en eee ce) 
where 
elegy 


ae) 1G x) 
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§ 27. This equation is of exactly the same form as the equation arrived at by 
CurysTaL where 2(v) is substituted for o(v), and all the results arrived at by him 
with regard to ordinary seiches may be extended to temperature seiches. We can 
draw a temperature normal curve for the lake, knowing the depth at which the abrupt 
change of temperature is supposed to take place. It is the curve whose ordinate and 


( / 
abscissa are b() | gat el and | dab(a), it being remembered that (a) refers to 


the breadth of the surface of separation. It will, in general, not greatly affect the result — 
1 1 
A(w) * Na) 
unity. It is only the difference between them which is important. 
The period of the temperature seiche of small amplitude (following Curysrat’s 
reasoning) therefore depends on the differential equation 


if we take as ordinates b(a)/ t for in nature p and p’ are always nearly 


Beas n? 


AOE ae : . (14) 


where u==P sin n(t—T), P is a function of v alone and 7 is constant. The values of 
n admissible depend on the circumstances of each case. | 

§ 28. It will be seen that whenever A(x) becomes zero 2(v) also becomes zero, 
and that therefore the theory takes no account of the water in the upper liquid at the 
ends of the lake—beyond the point where the surface of separation ends. ‘The tempera- 
ture normal curve will be exactly the same whether the basin is truncated at the ends 
of the surface of separation or whether it continues to slope gradually. It is probable — 
that a “mouth” or “end” correction should be applied in cases where the lake is not 
truncated, and the result of some experiments by Mr Wixuiams and the author bearing 
on this point are given in Part IV. of this memoir, but it appears that such a correction 
is very small. 

§ 29. Before passing on to the computation of the period of the Madiisee, it will 
be well to review some of the assumptions which have been made. (1) It was 
assumed that the amplitude of the seiche was small. It has been seen that the 
amplitude amounts to one-third of the depth, and this cannot be counted small. 
(2) It was assumed that there was no transverse motion. This assumption is more 
accurate in the case of the temperature seiche than of the ordinary seiche. Gradually 
shelving shores must, in the case of the ordinary seiche, cause transverse motion, but in 
the temperature seiche the vertical motion at the free surface is nil, and therefore the 
assumption is probably fairly accurate. Any gradual shelving at the surface of 
separation would be a different thing, but this must be a very uncommon occurrence in 
nature. (3) It was assumed that there was an abrupt discontinuity in temperature. 
Frequently, as has been seen, the discontinuity is very abrupt—at least at one end of 
the lake. But oscillations do occur when the discontinuity is anything but abrupt, and 
when there is a considerable temperature gradient in the surface layers. The motion 
investigated above depends on the difference of level at the surface of separation 
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1.e. on o(p—p" es If we now consider the case of gradually varying density, we see 


that the force on which the motion depends is oe ae oe ae dh where H is the depth 


of the lake. By imposing a condition that at any sone ee there is no horizontal 
motion, it is seen that an infinite number of modes of oscillation are possible, but in 
a liquid of gradually varying density irrotational motion is impossible.* Considering 
the case of a liquid where the discontinuity is sharp though not quite abrupt, it follows 
from what has been said that the period of the principal oscillations will be slightly 


= — — —, — — == = — 


Hires 4: 


longer than our theory gives. If vortex motion is caused by slipping at the boundary, 
this will also consume energy and tend to lengthen the period. 

§ 30. It will be instructive to consider more fully the case of a lake of rectangular 
cross-section whose temperature normal curve is parabolic. The longitudinal section of 
such a lake is shown on fig. 4. If h(x) is the depth of the lower layer at any point 
x and /’ the depth of the upper layer, adopting Curystat’s notation (H.T.S., p. 621) 
and considering only uninodal oscillations, we arrive at the equations 
A(1—w?) |. 

h(a @) 


¢ = "2" sin m(t -7) (16) 


f= sinn,(é—T) . : : . - (15) 


* BurnsipE, Proc. Lond. Math. Soc., xx. p. 392 (1889). 
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also 
ga) sinn(t—r) . : s . . 15’) 
C= 2 sin n,(t — 7) : : ; : (5) 
but 
6 = g, 
and therefore 
Ar AS 
and we get the relation 
éh(w) = EN, 


§ 31. The motions of water particles are shown on fig. 4, the light line representing ~ 
the motion of the upper layer particles and the heavy line that of the lower layer. 
The surface of separation is a plane which oscillates about the uninode. 


PART III. 
CoMPUTATION OF THE PERIOD oF THE MADUSEE. 


§ 32. The calculation of the period of the ordinary seiche according to CHRYSTAL'S 
method is sufficiently laborious, but the calculation of the period of the temperature 
seiche is considerably more so, until the normal curve has been constructed. There- 
after the process of approximating to the normal curve is exactly the same. In fig. 5 
the heavy line shows the temperature normal curve for the Madiisee, 7.2. the curve 


whose ordinates are b(a)/ ia and whose abscissee are | dxb(x). The broken. 


p! 

Ae) W@ } 
line shows the ordinary seiche normal curve (the scales being different for this curve). 
It will be seen that the curve is not one which can be approximately replaced by any 
simple curve. The faint line on the diagram shows what I judged to be the best 
approximation, taking into account the fact that the wave velocity varies as the square 
root of the depth. It would have been very laborious and rather purposeless to obtain” 
an approximation by piecing together a number of parabolee and straight lines, for it is 
probable that some of the assumptions which have been made introduce as large an 
error as will the approximation by a single parabola. 

§ 33. The equation to the approximation curve for the Madiisee was 


pz 
3v) = H(1-5), 

where 

H= 24:4 x 10” C.G.S. units 

a=10°43 x 1010 
i.e. half the area enclosed by the 15-metre depth contour, that being the dept 
which, it was thought, the discontinuity occurred. The temperature of the upper ] 
was assumed to be uniformly 17° C. (p’ = 9988), and of the lower layer 8° C. (p = 9999). 
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he uninodal period is 
re 27a, 
/29(p — p')H 
Qa x 10°43 x 102° 


= é Es 
3600 ./2 x 981 x ‘0011 x 24°4 x 1022 
= 24°8 hours. 


seconds 


ours 


§ 34. Another approximation to the period was made in the following manner. It 
will be observed that the seiche normal curve is of the same general shape as the 
temperature normal curve, save that in the former the sudden rise occurs nearer the left 


~ 
~ 
RE Fs SS ee i ee ae 


TEMPERATURE NORMAL CURVE \ 


PARABOLIC APPROX/MATION \ 


N 
a=: — SEICHE NORMAL CURVE me 


NORMAL CURVES FOR THE MADUSEE 
Fie. 5. 


end than in the latter. We may, however, consider the seiche normal curve as an 


approximation to the temperature normal curve, and therefore the period of the 
temperature seiche can be calculated from the period of the ordinary seiche. 
If T is the period of the temperature seiche and ¢ that of the ordinary seiche 
paz, ater of surface of separation 
area of free surface 


_ 35°5 x 167 5:65 
GOR295 4/ Dil hours 
= 24 hours. 
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h of seiche normal curve 
h of temp. normal curve x (p — p’) 


95 
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When we consider the roughness of the methods used, the closeness of this value to 
the value previously obtained is wonderful. Still more wonderful is it that the period — 
agrees so closely with the observed period, for a difference of ‘0001 in the density of 
one of the liquids would alter the period by about 5 per cent.—that is, by one hour in 
twenty. _ 


PARTY: 


EXPERIMENTAL VERIFICATION OF THE TEMPERATURE SEICHE THEORY. By 
E. M. WepprErzsorn, W.S., and A. M. Wittiams, M.A., B.Sc. 


(MS. received December 5, 1910.) 


§ 35. A number of laboratory experiments * were carried out to test the accuracy of 
the foregoing theory, one particular object being to determine the effect of a gradually 
sloping shore at the end of the lake, for the theory indicates that the period of the 
temperature seiche will be the same whatever the shape of the ends of the lake beyond 
the points where the surface of separation between the upper and lower layers of 
water ends. ; 

§ 36. All lakes which have the same temperature normal curve have the same period — 
for the temperature seiche, so that any lake can be represented by a basin of uniform 
breadth, rectangular cross-section, but varying depth. 

§ 37. Ina lake of parabolic longitudinal section the temperature noemel curve is 
not parabolic. Assuming rectangular cross-section, if a be half the length of the surface 
of separation of such a lake, h the maximum depth of the lower layer, and h’ of the 
upper layer (which is uniform), then the temperature normal curve is of the form a 


, ie 
n h n(1 - =) 
= 2 
phi + p'A(1 - a) 
We may, however, assume that the curve is of the form 
eee 
2 h n(a zi z) 
ph'+ph 
which is parabolic, and apply a correction for the deviation of (1) from (2). The y of 
(1) is always greater than that of (2). 


curves of fig. 6 represent the temperature normal curves of four symmetric lakes— 
(1) consists of two straight lines, (2) is a parabola, (3) a curve of the form 


observations were made by Mr Winutams. The cost of the apparatus has been defrayed by a grant from the Moray 
Fund of the University of Edinburgh. 
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02, 
J wn(1—"2) 
sar ies p'h(1 “ = 
and (4) a rectangle. 

In the case represented h =h’. We know from Professor CHRYSTAL’s investigations 
that the periods of the seiches which have the normal curves (1), (2), and (4) are in the 
ratio * of 2 7/j, : 7/,/2: 2, 7.e. approximately 1°306 :1:11:1:00. Thus the period alters 
very slowly as we pass from the parabola to the rectangle, and the period corresponding 
to curve (3) can be interpolated with considerable accuracy. 


Fic. 6. 


§ 39. Another correction requires to be applied where, as in our experiments, h 
and h’ are not small compared with /. The general equation for the velocity of a 
surface wave is 


IN Qh 
aa tanh — ; : : , ‘ ~ 


and for a wave at the surface of separation of two liquids 


gr Sb 
oe tah : Qrh’ ; el 
more coth a 
§ 40. The following are experiments determining the period of the ordinary seiche 
in a deep parabolic trough, the period being calculated by the empirical formula 


al 


t= ’ ; )) 
a/ 29 tanh ae 
1 l 
L ie tobserved, | ¢ calculated. | 
ee rit observed. calculated. | 
| 
30°54 7-65 "859 + -002 ‘857 | 
42-98 15°15 ‘908 + -003 ‘914 | 
52°73 228 964 + 005 ‘975 
60°68 30-2 ‘997 + -004 1023 


* HLTS,, p. 638. 
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Where ae /3 the formula is accurate to within 1 per cent. This suggested as 


l 
a formula for the calculation of the temperature seiche where the temperature normal 
curve is parabolic the following equation :— 


pT A toc al , = 
siiaal . 6) 
5 é ; : : : 
“ta nh wh “ta vhs ca 
he 
_ 7! Jeo H+ pH” ; ; ari) 
/29(p — p')H. H’ 


where 


H= f tanh a and H’ at tanh a 


This is the formula which was used in calculating the periods of the oscillations given 


below. If : is small, the period equation is the same as is given by the theory of §18, | 


for then b tanh a =h, 


APPARATUS AND MertHops. 


§ 41. In lakes the difference in density between the surface and bottom layers is due 
to difference of temperature, but, for laboratory experiments it is more convenient, and 
equally instructive, to represent the temperature distribution in a lake by two liquids” 
of different density, which do not mix, superimposed one on the other. In the following 
experiments the liquids used were paraffin and water. 5 

§ 42. Some experiments were made in the trough which was used by Wuire and 
Wartson* in their experiments on the period of ordinary seiches. ‘This trough is 
152 em. long, 10°5 cm. broad, and 14 em. deep. It was fitted with a parabolic bottom, 
which, however, did not fit the trough very closely. ‘The trough was partially filled 
with water and then a layer of paraffin was added. Accurate results were not obtainable 
with this trough because of the ill-fitting of the parabolic bottom. The gaps between 
the sides of the trough and the blocks of wood which formed the bottom must have 
considerably affected the period of slow oscillations due to difference in density between 
the water and the paraffin. Moreover, the surface tension effect at the end of the 
surface of separation of the two liquids was very great. ‘Ihe paraffin soaked into the 
wood of which the bottom was made and thus thoroughly wetted it and formed a large 
meniscus. No allowance was made for this in our calculations, and we took as the length 
of the surface of separation the length it would have had if there had been no surface 
tension effects. The long trough had the advantage that the depth was long compared 
with the wave-length of the oscillations, and so the long wave theory was more stri 
applicable. Two sets of observations were made, first, simply with the trough fitte od 


* Proc. Roy. Soc. Edin., vol. xxvi., 1905-6, p. 148. 
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with the parabolic bottom, and then with the ends rising vertically from the ends of the 
surface of separation. 

§ 43. The density of the paraftin used was determined by accurate weighing, and at a 
temperature of 15° C. was found to be 805. A temperature coefficient of ‘001 per °C. 
was used to correct for variations in temperature during the course of the observations. 
The temperature during the observations varied from 12° to 17°. The density of 
water was taken as ‘999 throughout, and the value of g as 981. 

§ 44. The following are the observations made in the long trough. TT), is the 
observed period of the oscillations, T,,;, the period calculated according to the formula 


p 7 s/pH’ +pH 


V2g(p — p')H. H’ io 


and To. the calculated period after applying a correction for the deviation of the 
temperature normal curve from the parabolic. The possible error in the results is 
discussed later. The column headed “ plain parabolic” gives the period when the ends 
of the trough were not truncated, and “truncated parabolic” where they were truncated 
just above the surface of separation. Al measurements are given in C.G.S. units. 


ee 
Y he. h Plain Truncated Meats) Veo, | Heoup: 
Parabolic, Parabolic. 
TO) GEO | Besa TSS milo) ie 11°35] 11:0 15° 
114:0) 7:20) 4:40) 10:27 +-10 hs 10°46] 10:2 15° 
114:0| 7:20| 6:10} 9:40+-07 ne 9:59| 9-4 15° 
106-5} 6°50} 2:00 naa 127% +°6 Pats) |} Beal 16° 
106°5| 6°50) 6°50) 8-98+:°06 8°82 + -09 9:08} 8:95) 16° 


§ 45. One of the observations gave a period which does not agree with calculation. 
When /=114, h=7-20 and h’ 3°35, and the basin plain parabolic, repeated observation 
gave an oscillation with a period of 5°24+°01 secs. Calculation gives as the uninodal 
period 6°45 secs., and for the trinodal 4°65 secs. The observed period lies between these 
values. At the time when the observation was made, it was not known what the periods 
should be, according to the theory, and special attention was not directed to these 
observations. We have not been able to arrive at any conclusion as to the mode of 
this particular oscillation. At first it was believed to be the uninodal oscillation ; but 
subsequent observation showed that the uninodal period was 11°1 secs., and we failed 
to obtain again an oscillation with a period of 5:2 secs.* 

§ 46. A more exact series of observations was made in a trough specially designed 
for the purpose. A parabola was accurately cut out from a block of teak about 10 cm. 
thick. The equation to the parabola was y=2"/30°48, unit 1 cm., or y=’, unit 1 foot 


* Some serious observational error is suspected. 
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(the origin being taken at the vertex of the parabola). The teak block was given a 
teak backing, and a front to the trough was made by clamping on a piece of plate-— 
glass, half an inch thick, by means of four strong clamps. A piece of rubber tubing was 
clamped between the wood and the glass, and this made the trough sufticiently water- 
tight. There was thus obtained a trough with a glass front, the longitudinal section of 
which was accurately parabolic, the cross-section being rectangular. ‘The glass front 
enabled oscillations to be observed. It could be easily removed, and the shape of the 
trough altered by fitting in blocks of wood of various shapes. In this manner the ends 
of the trough could be truncated at any desired point. 

§ 47. Oscillations were started in two ways. The method first adopted was to move 
a plate slowly backwards and forwards at the node in the lower liquid. ‘The plate had 
attached to it a long thin handle, so that the disturbance caused in the upper liquid by 
the stirring was not great. It was found, however, that oscillations could often be more 
easily started by slow to-and-fro stirring in the upper liquid. In fact, one to-and-fro 
motion in the upper liquid in the large trough was sufficient to start an oscillation of 
considerable amplitude. This is specially interesting because temperature oscillations 
in lakes are caused by forces acting only in the upper layer; and it indicates how very 
easily temperature oscillations may be caused. The oscillations were timed with a stop- 
watch reading to fifths of a second, and usually a series of twenty or more oscillations 
was timed. Where there was any considerable divergence between the determinations 
of the period, ten and sometimes more determinations were made. The tabulated 
results give the greatest variation from the mean value. The “ probable error” was not 
calculated, but would, of course, be much smaller than the greatest variation. At times 
the period of the oscillations did not appear to be very constant, especially when the 
depth of the upper liquid was small. It was then difficult to start pure oscillations of 
any considerable amplitude, and when the oscillations were small it was dificult to time 
the beginning and end of an observation accurately. 


the same depths. 
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Tops, Secs. 
No. of 1. hes h’. = ee Dae Temp. 7, fi 
Exp. cm, cm. cm. Plain Truncated secs, secs, “C oe co 
Parabolic. Parabolic. 

1 52°84 22°90 7°25 3°55 +°05 3°52 +01 3°66 3°55 14:5 994 
2 52°84 22:90 1°95 5-78 + ‘04 5°89 BO |) es 1-014 
3 52°84 22°90 1:90 5°83 +05 i 5:97 Byte) || alétels) 1:005 
4 43°54 15°55 14°65 2-79 + :02 Len 2°83 2°80 | 15:0 Oey 
5 43°48 15°50 14°60 278 +°01 ae 2°83 PE || Isx0) 993 
6 43°26 bres 14°85 2°67 +01 2°82 20D) NEO. ‘971 
7 43°26 15°35 7:43 3°05 + 03 SOD sels Belly BO |) iiss) 984 
8 43:26 15°35 2°35 4:48 +°:03 4:46+:027| 4-60 4-50 15:0 993 
9 43-11 15:25 15°10 2°65 +°01 a 2°81 2°75 15:5 964 
10 42°98 15:15 15°25 2°73 +02 wae 2°81 215 14:0 992 
1] 42°48 14:80 15:00 2°75 + 03 des 2°79 Merl, 15:0 1-000 
P2*t | 31°22 8:00 2°25 ae 3°44+°05 3°61] 3°50 16:0 983 
13 30°64 770 22-00 ar 2°29 + 02 2°41 2°35 16:0 974 
14 30°54 7°65 22°00 2°31 + 05 pee 2°41 2°35 14°5 983 
15 30°54 7°65 12:50 2°36 +°01 2°37 + 02 2°47 2°40 14:5 983 
16 30°54 7°65 6:55 2°62 + ‘03 2°62 + 02 2°70 2°65 13:0 987 
17 30°54 7°65 2°30 3°51 +°05 3°50 + ‘02 a 55 3°45 12:0 1:016 
18 21°38 | 3°75 2°70 2°57 +03 ae 2°67 2°60 16°5 988 


* A second determination gave Tops, =3'01+ "01. 
+ The first observations made gave Tops, =4°61, but some large error was apparently introduced. 
~ In this case the surface of separation was slightly above the point where the vertical ends began. 


§ 49. Experiments were also made where the cross-section of the trough was as 


shown in figs. 7 and 8, the ends being truncated. The results of these experiments 
were as follows :— 


| | 
| Breadth of 
| li. h. ie Surface of Das oi ou pe Leon Al ee 
Shape. | ; Free Surface. Temp. 
; cm. cm. cm. Separation. Secs. secs, Secs. 
em. cre 
Fig. 7 | 43°06 | 15°20} 15:05 | 5:72 10°80 PAL O02) 2250) | 2-455) 4-55 ©: 
Fig. 8  43:06| 15°20 14-90 | 5-72 10:80 PB se C0 || Bo) || 2ate) || Ieee 
The formula used for calculating the period was as follows :— 
HY’ H 
b1 aT Ta 6 : - eae , , 
zs y NAG Pea A) _ TI Jb(phH A’ + p’h’. H. A) (8) 
lates ly ; 2(o=p)H.o- A.A. ; ; 
J 290-6 EEE wa 08 N2g(0 - 6’) 


where b is the breadth at the surface of separation, A the maximum area of the 
cross-section of the lower liquid, and A’ the area of the cross-section of the upper 
liquid. H and H’ have the meaning assigned in § 40. _ 

§ 50. An attempt was made to start oscillations when the shape was as in fig. 7, 
but with the surface of separation a little above the sudden change in breadth. Under 
these conditions it was found impossible to start a pure oscillation. This case is 
analogous to that of a lake basin where there is a shelf at the surface of separation. 

§ 51. The greatest difference between the mean observed value for T and the cal- 
culated and corrected value is 3°6 per cent.—in most cases it is much less. Examining 
the case where the difference is greatest (viz. No. 9), assuming an error of *5 mm, in 
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measuring the depth of each layer and of ‘002 in p—p’, we find the possible error 
introduced in the calculation is 1 per cent. The error in observing the period may 
amount to 1 per cent., and leaves therefore an error of only 1°6 per cent. in the 
correction applied (1) on account of the ratio 4// being large, and (2) on account of the 
variation of the normal curve from the parabolic form. This is as close an agreement 
as could have been expected. 

§ 52. On comparing the observations in the plain trough with those in the truncated 
trough, we find that the period of oscillations in the former is generally the greater, | 
but the difference is always small, and within the limits of error the periods are the 
same. In calculating the period of the temperature seiche in lakes, an end correction 
may be omitted without introducing any considerable error. There is no apparent law 


Hic. 7; Fic. 8. 


for the difference between the two periods, but the period of the plain trough is 
seemingly about 1 per cent. longer than that of the truncated trough. 
§ 53. A few tentative observations were made with a thin layer of olive oil inter- 
posed between the water and the paraffin, olive oil being heavier than paraffin, but 
hehter than water. 
The following are the observations made with the layer of olive oil in the truncated 


parabolic basin :— 
1= 43-26 cm., h= 15°35 cm. (water), h’=7°43 cm. (paraffin). 

1. Olive oil layer :1—-2 cm. 
T=3:02 + 02. 

2. Olive oil layer ‘5 cm. 
T=3:06 + ‘02. 

3. Olive oil layer 1 cm. 
Tas 07 101: 


There is a slight lengthening of the period caused by the interposition of the oil whicl 
bears out the assertion made in §29 that the effect of lack of sharpness in the dis 
continuity of temperature is to lengthen the period of the temperature oscillations. 
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XXIII.—The Jurassic Flora of Sutherland. By A. C. Seward, F.R.S., Professor of 
Botany, Cambridge. Communicated by Dr R. Kinston, F.R.S. (Plates I.—X. ; 
text-figures 1-14; sketch-maps, and views of the coast.) 


(MS. received September 28, 1910. Read December 19, 1910. Issued separately, February 10, 1911.) 


The majority of the fossils described in this paper were collected by the late Dr Marcus 

GUNN on the coast of Sutherland between Brora and Helmsdale, more especially on the 
beach of Culgower Bay in the neighbourhood of Culgower (Maps I. and II.). It is 
several years since | first had an opportunity of seeing Dr Gunn’s collection at his 
house in London : at that time pressure of other work made it impossible for me to do 
more than recognise the importance of the fossils as records of a Jurassic flora from a 
country which has afforded very little information in regard to Mesozoic Botany. A 
few years ago I suggested to Dr Gunn that we should collaborate in an account of the 
Sutherland plants, and to this proposal a ready assent was given. Our joint work had 
made but little progress when my friend was seized with an illness which terminated 
fatally in November 1909. Dr Guwnn’s fossils, which have been acquired by the 
Trustees of the British Museum, were collected in the course of repeated visits to his 
native country during brief respites from exacting professional duties in London. In 
Marcus Gunn Paleontology had a devoted disciple whose recreation consisted mainly in 
collecting records of past life, both animal and plant., The Old Red Sandstone fish 
from Achanarras, Caithness, described by Dr Traquair as Palxospondylus Gunn,* 
permanently associates the name of Gunn with Paleeozoology, and, despite the imper- 
fection of the records, the following pages show the importance of the data he contri- 
buted towards a fuller knowledge of the Upper Jurassic flora of Scotland. 

During a hurried visit to the Sutherland coast in July of the present year (1910), 
when I had the advantage of the guidance of Mrs Gunn over ground long familiar to 
her and to her hushand, I was able to obtain a general impression of the manner of 
occurrence of the plant-bearing strata, which form a narrow strip of land between the 
rounded hills of granite and Old Red Sandstone and the sea. The simplified and partially 
diagrammatic sketch-map (Map II.), based on the one-inch Geological Survey sheet 1038 
(Golspie), shows the position of the more important localities and illustrates the following 
notes specially written for me by Mr H. B. Woopwarp, who is at present engaged upon 
a comprehensive account of the district. I am greatly indebted to him for his clear and 
concise notes, as also for references to earlier papers on the Jurassic rocks of Sutherland. 

“Bordering the coast from Navidale and Helmsdale to Lothbeg (Map II.) there is a 
tract of undulating low land, from a quarter of a mile to about a mile in breadth. This 
tract is formed of blown sand, peat, river gravel, marine shingle, and boulder-clay, 


* TRAQUAIR (90). 
TRANS. ROY. SOC. EDIN., VOL. XLVII. PART IV. (NO. 23). 96 
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which overlie and almost entirely conceal a platform of Upper Jurassic rocks. This 
platform is faulted inland against the granite of the Ord of Caithness and Helmsdale, 


2 Caithness 


Ord of Caithness 
‘Helmsdale 


Map J.—Outline map of the north of Scotland, showing the position of the Jurassic rocks (black patches) 
on the coast of Sutherland and Ross and Cromarty. 


while from Gartymore to Lothbeg there is an intervening faulted strip of Old Red 
Sandstone between the granite of Culgower Hill and the Jurassic rocks.” 


Culgeower Bay 
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platform of low ground stretching out to sea, with the granite hills shading off tows 


Brora. The rock in the foreground is a portion of one of the Jurassic reefs which are 
uncovered at low tide. | 
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“Exposed for the most part in rugged reefs along the foreshore, the Jurassic rocks 
appear in places also at the base of the low cliffs formed of the recent and Pleistocene 
deposits and for a short distance along the banks of the burns. It is, however, difficult 
to ascertain in detail the sequence of the strata, and no reliable estimate of their thick- 
ness can be given. The reefs on the whole have a general dip seawards, the strike 
coinciding roughly with that of the coast-line. The strata are much faulted, bent, and 
twisted: they are traversed by pseudo (sandstone) dykes and are weathered into 
fantastic shapes. They include shales, limestones, sandstones, conglomerates, and 


Photograph of the coast of Sutherland, looking south ; in the foreground is a block of Kimeridgian rock, 
in the middle distance the platform of Kimeridgian strata and superficial deposits, with the granite 
hills to the right. 


boulder-beds. The general sequence is as follows, the higher divisions being exposed in 
the northern part of the area from near the Ord of Caithness to near Portgower :— 
6. Shales, conglomerates, and boulder-beds, with blocks of flags (Old Red Sand- 
stone), lignite, large portions of tree trunks, and other plant remains, 
Bennettites Peachianus Carr. and Zamites Millerr Zig. | = Zamutes 
Buchianus (Ett.)], also Corals (Isastrxa), spines of Cidaris, Ostrea, 
Exogyra, and Ammonites near to A. giganteus Sow. 
5. Calcareous sandstones and shelly limestones, with Rhynchonella Sutherland 
Dav., Hxogyra, Ammonites endoxus D’Orb., A. alternans von Buch. 
4. Shaly beds with plant remains. [The plants include Nilssona, Hausmanma, 
Sagenopteris, Elatides, ete. | 
3. Shales with thin bands of calcareous sandstone, more or less conglomeratic, 
spines of Cidaris, Ammonites cf. A. mutabilis Sow., A. alternans von 
Buch, Belemnites, Pecten articulatus Schloth. 
2. Alternation of sandstone and shale. 
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1. White sandstones with bands of dark shaly carbonaceous sand: Cidaris 
florigemma Phill., Hemicidaris intermedia Flem., Rhynchonella pingus 
Roem.,, Trigonia cf. T. henaspherica Lye. 

The fossils obtained from Sput Dubh, mostly by Marcus Gunn, fix the Corallian age — 
of the strata No. 1; .and with them No. 2 may probably be included. The strata Nos. 3, 
4, and 5 may be assigned to the Kimeridgian, and it is possible that in No. 6 there may 
be representatives of Portlandian. The richer plant-beds No. 4 were discovered by 
Marcus Gunn at Sron Rudha na Gaoithe, at the northern end of Culgower Bay. Hlse- 
where in the bay the strata consist probably of dark shales, but they are hidden by 
beach-sand and boulders. The old cliff-line, moreover, from Wester Garty to Loth 

is mostly obscured, though the presence of shaly beds along the base may be inferred 
from the springs and rushy ground. 
‘The evidence seems to justify the following conclusions. The shales and sandstones 
were deposited in an estuary or bay having features somewhat similar to those of the | 
Moray Firth at the present day. High cliffs of Old Red Sandstone (flags, etc.) bordered 
the coast, and from these were formed screes, the material of which now and again — 
slipped into the waters and was partially rolled ; while huge blocks of flagstone oceasion- 
ally broke away and fell among the sediments, producing much disturbance. Even 
layers were again deposited over the disturbed beds. In course of time widespread | 
earth-movements took place, whereby fissures were produced in the sediments already 
to some extent consolidated, and these were filled from above by succeeding deposits, or 
possibly to some extent from below, if the fissures were due to earthquakes. Evidence 
of contemporaneous erosion also indicates local upheaval. Long subsequently the main 
faulting was produced whereby the Jurassic rocks bordering the Old Red Sandstone and 
granite were much crushed and broken, and numerous subsidiary faults were produced. 
Hence we find complex structures, in part due to original irregularities of bedding and 
to disturbance that led to the formation of pseudo-dykes, the mass of Jurassic strata 
being afterwards broken and faulted in places by the later movements.” 


In support of the Upper Oolite age of the strata between the Loth river and Helmsdale 
a long list of fossils is given by Professor Jupp* in his paper on this district. Three 
species of shells associated with Culgower plants, which I sent to the British Museum, 
were identified by Mr Newton and Mr Crick as Avicula adilignensis Blake, [ama 
concentrica Sow., and Amaboceras (Ammonites) alternans von Buch, all Kimeridgian 
species. 

In an appendix to Murcuison’s paper on the Brora coal-field, published in 1829 
Konia t described an Equisetaceous stem as Oncylogonatum carbonarium, and some other 
plant impressions as ‘‘subtriangular carbonaceous plates.” The Equisetaceous casts, as 
Nicou and Hues Miuuer ft believed, are no doubt identical with the well-known species 


). 


* Jupp (73), p. 182 ; see also Davripson (78), p. 196. + Konia, in Murcuison (29), Pl. xxxiii. : 
t Minumr (57), p. 468 ; (59), p. 142. 
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Equisetites columnaris * founded by Bronen1aRt on specimens from the Inferior Oolite — 
of Whitby. The Brora stem was named by Ziano}t Equisetites Koenigu. The scales — 
figured by Konic are probably pieces of an Araucarian cone. In a later communication 
to the Geological Society of London Murcuison,} referring to a paper by Roserrson,§ 
in which the Brora beds are spoken of as Wealden im age, states that the facts adduced 
by that author “tend to confirm the idea that the Wealden is more naturally connected 
with the Jurassic than with the Cretaceous system.” It is true that the floras described 
from Upper Jurassic beds differ but slightly in general facies from those of Wealden 
age, but the evidence of the plants recorded by Konic, and recently by Dr Martz 
Sropss,|| is in favour of assigning the rocks of the Brora district to a lower horizon 
(Lower Oolite). 

The most complete account of the Jurassic rocks of the north-east of Scotland is — 
that published by Professor Jupp. In this paper the beds at Navidale, Helmsdale, and 
at the mouth of the Loth river are referred to as Upper Oolite (Kimeridgian) ; the 
Brora rocks are classed as Middle Oolite (Corallian), and those at Kathie Bay, which 
MILLER ** assigned to the Liassic series, are identified as Upper Oolite. The plants from 
the Upper Oolite of Sutherland are referred to by Jupp in general terms, and only one 
species, Bennettites Peachianus Carr., is mentioned by name. Professor Jupp wrote: 
“The beautiful flora of these beds, the age of which is now placed beyond all question 
as that of the Upper Oolite, will be made the subject of a critical study by Mr 
CarruTHers. It will form a new and highly interesting link in the history of vegetable 
life.” tt Thanks to the labours of Dr Marcus Gunv, it is now possible to do ampler justice 
to this northern British flora than would have been possible when Jupp’s paper was 
written. The Kimeridgian age of the Navidale to Loth-river beds is confirmed by the 
recent work of Honace Woopwapb, who also informs me that the Brora coal is Bathonian ; 
“it belongs to the Great Oolite series, and might possibly be equivalent to Cornbrash.” {f 

The most recent of the few published accounts of the Jurassic plants of north-east 
Scotland is by Miss Sropxs,§§ who considerably extends the list of Brora species: she 
concludes her paper by expressing the opinion that “it is evident that the flora of the 
Inferior Oolite of Brora is so similar to that of Yorkshire as to convince us that the 
plants of the Scottish district belong to the same life-province as the one which 
included Yorkshire during that period.” This conclusion is justified by the evidence 
of the plants found by her in the shale “cropping out below high-tide level on the 
coast, about a mile and a quarter due south of Brora.” It should be noted that thes 
plants were not collected from the Brora coal-field, which is spoken of by Woopwaki 
as Bathonian. The specimens described in the following pages, nearly all of which 


a 
, 


* SEWARD (00), p. 56. + Ziano (59), p. 113. { Mourcutson (43). 
§ Roprrpson (47). || Storms (07). “| Jupp (73). ** MILLER (57), p. 469. 
+t Jupp (73), p. 182. tt Letter from H. B, Woopwarp, July 1910. §§ Sropxs (07). 
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that the more recent flora includes some species identical with Wealden plants. The 
specimens collected by Marcus Gunn cannot be individually assigned to localities 
within narrow limits. Many were obtained on the beach from loose blocks, while 
others were found wm situ. In all cases the specimens may safely be described as 
coming from Kimeridgian strata between Navidale and the Loth river. The flora may 
conveniently be spoken of as the “ Culgower flora.” In addition to the Gunn collection, 
which first drew my attention to the Jurassic plants of Sutherland, I have included in 
this account specimens collected by Mr Pracu and now in the Geological Department 
of the British Museum, some well-preserved and interesting plants collected by 
Mr Axper at Gartymore and Culgower Bay and generously placed by him at my 
service,* also the Hugh Miller collection t from Sutherland and Hathie Bay (Cromarty) 
(see Map I.), which I have been able to examine through the kind offices of Dr SHanp 
of the Royal Scottish Museum. It is my intention to deal with some of the Hathie 
specimens, the internal structure of which is partially preserved, in a separate paper. 
I wish also to thank Dr Horne for allowing me to have sections cut from pieces of 
coniferous wood from Helmsdale in the possession of the Scotch Geological Survey. 
The work of Huau Mrtuer on the Jurassic flora of the north-east of Scotland calls for 
special notice. The twelfth lecture of the series published by this extraordinarily 
acute observer in his Testumony of the Rocks{ includes an account, accompanied by 
several carefully drawn illustrations, of Kathie and Sutherland plants. He points out 
that in 1844 Professor Nicout of Aberdeen mentioned two fossil plants, Hquisetites 
columnaris from Brora and Pinites erggensis from the western island of Hige, as the 
sole representatives of the Jurassic flora of Scotland. He goes on to say that his own 
researches enable him to increase the list to rather more than fifty species. In speaking 
of the numerous conifers obtained from the Sutherland rocks, MILLER wrote: “It is 
worthy of notice that they resemble in the group rather the conifers of the southern 
than those of the northern hemisphere” ; he compares some of the specimens with twigs 
of the Norfolk Island pine (Araucaria excelsa) and Araucaria Cunnnghamu. He 
recognised the great development of the Cycadacez as a feature of the Oolite flora, 
but his identification of several specimens as species of Zama cannot be maintained. 
Sagenopteris leaflets are referred to Gilossopteris, a mistake which has been frequently 
made by other authors. Among ferns he mentions Pecopteris whatbiensis, P. obtusifolra, 
and P. insignis: the first name has often been applied to a fern now known as Todites 
Williamson, a species which I believe to be represented in the Culgower flora; the 
second name is a synonym of Klukia eailis, a species which I have not been able to 
recognise with certainty. Pecopteris imsignis is a synonym of Cladophlebis denticulata, 
which occurs in the Sutherland flora. With his characteristic acumen he recognises 
the probability that a dicotyledon-like leaf is a fragment of a fern to which LinpLEy 


* Mr Arper’s plants are in the Sedgwick Museum, Cambridge. 

+ In all probability some of Mrziepr’s plants from Sutherland were collected south of Helmsdale, though all are 
labelled ‘Helmsdale’; they are from Kimeridgian beds. 

t MILuEr (57), pp. 468 et seq. 
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and Hurron gave the name Dictyophyllum. Among recent floras MILLER cites that 
of New Zealand, characterised by its wealth of ferns and forests of conifers, as most 
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closely resembling the Jurassic flora of Sutherland. 


The following is a list of the plants figured by HueH Miter in The Testumony 
of the Rocks; the specimens, with one or two exceptions, are in the Royal Scottish 


Museum :— 


References to figures in The 
Testimony of the Rocks. 


[Where Miller includes 
more than one specimen 
under one figure, I refer 
to them as A, B, etc., 
reading from left to right. | 


Remarks or identifications by 
Miller. 


Names under which the specimens 
are now described. 


|. 
na 


Fig. 130, A-F, p. 472 


da 


Fig. 131, A, B 


Fig, 132 
Fig. 133 
Fig. 134 
“Fig, 135 
Fig. 136 
‘Fig. 137 


Fig. 138 
Fig. 139 


Fig. 140, A, B 


Fig. 141, A-E 


Fig. 143 


. | Zamia pectinata 


.| Zamia. 


.| Zamia . 


.| Zama . 


. | Teniopteris sp. 


. | Pecopteris obtusifolia L. and H. 


. | “Conifers.” Miller speaks of several 


distinct species, and compares some 
with recent species of Araucaria 


.|“ Sprig of a Conifer with four 


apparently embryo cones” 


. | Cone 
- |? Cone . 


.| A, B, “simple fronds resembling 


those of the Hart’s-tongue fern ” 


D, E, Glossopteris . 


_| Nilssonia orientalis Heer, 2 nat. size ; ' 
.| Zamites Buchianus (Ett.), } nat. siz 
-| Zamites Carruthersi (Sew.), 4 nat. siz 


Probably a piece of a partially preserv 


.|D, E, Sagenopteris Phillipsi (Brongn.), | 
. | Nilssonia compta (Phill.) [Original not 


. | Specimen very obscure. 


ile 
j 
i 


| 
| 


Big. 130;. A; Salensee Sp of.| 
8. Kurrianum (Dunk.), 2 nat. size ;| 
Helmsdale. 

By C.D; a Elatides curvifolia (Dunk.) :| 
B, D, 2 2 nat. size; C, F, slightly re-| 
duced; Kathie (B) and Helmsdale 
(Cy; F). | 

E, Elatides Sternbergiana, 2 nat. size 5 

Fig. 131, A, Taxites Jefireyi _ nov., 2 
nat. size ; Eathie. | 

B, Elatides Sternbergiana [not in the| 

collection]. 

Masculostrobus sp. gen. nov., nat, siz 


Eathie. 
Eathie. 


. | Pseudoctenis eathiensis (Rich.) gen. nov., | 


2 nat. size ; Eathie. 


Helmsdale. 
Pseudoctenis eathiensis (Rich.), 4 n 
size ; Helmsdale. 


Helmsdale. 


Helmsdale. j 
Williamsonia sp., } nat. size ; Kathie. 


coniferous stem, nat. size; Eathie 
Fig. 140, A, Williamsonia pecten (P. 
slightly reduced ; Helmsdale. 
B, Nilssonia orientalis 1 Heer, 3 ni 
size ; Helmsdale, 
Fig. 141, A, indeterminable; B, 
sonia orientalis Heer, nat. size; Hath 
C, Nilssonia orientalis Heer, 3 nat. 
‘Helmsdale. 


3 and % nat. size ; Helmsdale. 


found in the Edinburgh collection.} 
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References to figures in 7'he 
Testimony of the Rocks. | 


[Where Miller includes Remarks or identifications by Names under which the specimens 
more than one specimen Miller. are now described. 
under one figure, I refer 
to them as A, B, etc., 
reading from left to right. ] 


Fig, 144. : : .| Probably a new fern. : . | Cladophlebis denticulata Brongn., slightly 
| reduced; Helmsdale. 
Fig. 145. ; 5 .| “A well-defined Pachypteris ” .| Thinnfeldia sp. [Original not in the | 
| collection. | 
Fig. 146 . : : . | Phlebopteris . . Pterophyllum Nathorsti, Sew., 4 nat. 
| size ; Helmsdale. 
Fig. 147, A,B . : .| A, Miller compares it with Zyco-| Fig. 147, A, indeterminable; Helms- 
podium dale. 
B, “probably a true fern” . . | B, 2 Dichopteris sp., nat. size; Helmsdale. 
Fig. 149 . ; , .|Imbricated stem . ; : . Brachyphyllum sp., 4 nat. size; Helms- 
| dale. 
Fig. 150 : Pie: ‘ : : : . | [Original not found in the collection. ] 
Fig. 151. ; ; .| “True Dicotyledonous leaf” . .| Hausmannia Buchii (And.), nat. size ; 
Helmsdale. 
Fig. 152. : : . | Miller compares this fragment with |? Dictyophyllum sp., slightly reduced ; 


Dictyophyllum | Helmsdale. 


Since HucuH MituEr’s time very few additions have been made to our knowledge 
of Scotch Jurassic plants. In 1870 CarruTHEers* described the Cycadean stem 
Bennettites Peachianus from Helmsdale, Yatesia crassa, Y. Joassiana and Bucklandia 
Milleri from Brora. In 1884 Mr T. Ricnarpst published a short account of Cycadean 
species contained in the Hugh Miller collection, and reference has already been made 
to the Brora plants described by Miss Sropgs. 

During the short visit of the Nordenskisld Greenland expedition to Thurso in 1883, 
Professor Naruorst and some of his colleagues collected specimens of fossil plants in 
the neighbourhood of Helmsdale. Since describing the Gunn collection I have 
received from my friend Professor NatHorst a list of species provisionally named by 
him from his material: it is satisfactory to find that in several cases his determinations 
agree with my own. It is not improbable that an examination of the specimens in 
Stockholm may result in the recognition of one or two forms which are not represented 
in the British collections. 

Tn his paper on Mesozoic Cycadophyta, Natuorst { describes one of his Helmsdale 
plants as Beania Carruthersi Nath., a species which differs from Beania gracilis Carr. 
in its rather smaller dimensions and in the more crowded disposition of the sporophylls. 
On each sporophyll are two spherical bodies which Natnorst suggested might be 
microsporangia ; but he now informs me that he believes them to be small seeds, a 
| much more probable interpretation. 


* CARRUTHERS (70). + Ricuarps (84). { Narsorsr (02), p. 21, pl. 1. figs. 14, 15. 
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The specimens from the Inferior Oolite of Yorkshire on which CarrurHers founded 
the genus Beania were regarded by him as female Cycadean flowers.* It has also been 
suggested that they may be seed-bearing shoots of a member of the Ginkgoales,t but 
decisive evidence as to the affinity of Beania is still lacking. 

In the introduction to his paper on the Secondary rocks of Scotland, Professor Jupp, — 
though mainly concerned with those on the north-east coast, refers to the Mesozoic 
strata of the West, which have been sealed up under thousands of feet of Tertiary 
voleanic rocks.{ From these patches of Jurassic strata scattered through the Western 
Isles, the only plant remains which have come under my notice are specimens of 
petrified coniferous wood. The history of our knowledge of the Western beds in Higg 
and other islands has been given by Mr Harker in his paper on the geological structure 
of the Seurr of Hige.§ The species named by Linpiey and Hurron Pinites erggensis, 
though one of the most familiar of plant-names, has not been thoroughly investigated 
in recent years. Hucu Mitier in The Cruise of the Betsey || speaks of the “ gigantic 
Scuir of Eige” as resting “on the remains of a prostrate forest,” a description which is — 
more picturesque than accurate. He believed the Hige species to be identical with the 
coniferous wood which was then found in great abundance and may still be collected — 
on the beach at Helmsdale; this opinion was, however, not based on any thorough 
anatomical examination. It would seem that the numerous specimens of Pinites 
eiggensis in museum collections are probably pieces of a single trunk. Mr Harker 
states that he was unable to learn from the published accounts, from the information of 
residents, or from personal search, that wood has ever been discovered under the Sgurr, 
except at one locality at the southern base of the pitchstone where it was enclosed in 
decomposed volcanic rock. The position of the log of wood is clearly shown in a 
section published by Mr Harxer.{ In addition to Pinites eiggensis, the structure of 
which I hope to describe on another occasion, some imperfectly preserved specimens, 
examined at Mr Harker’s request, from Camas Seiotaig, Hige, showed the arrangemen q 
of pits on the radial walls of the tracheids characteristic of the Araucarie.** In an 
appendix on the paleontology of Skye and Raasay to Mr Brycer’s paper on the Jurassic 
rocks of those islands, Mr Tare mentions the occurrence of “obscure Cycads and 
Ferns” in Inferior Oolite beds,tt but no description of the fossils has been published. 
Although, as Sir ARcHIBALD GEIKIE points out,{{ Jurassic rocks play a much more 
important part in the geology of the West, our knowledge of the Jurassic flora of 
Scotland is based on the records obtained from the narrow strip of beds faulted against 
the north-eastern edge of the Highlands. 


Q 


* CARRUTHERS (69). + Sewarb (00), p. 275. 
; Jupp (73), p. 99; see also GurKrE (01), p. 140. § Harker (06) ; see also HARKER (08). 
|| MrniER (58), p. 32. | Harxer (06), p. 57, fig. 5. ** Ibid., p. 63, 


tt TatE (73), p. 346. tt Grrxre (01), p. 140. 
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List oF JuRAssIcC PLANTS RECORDED FROM SCOTLAND. 


The species distinguished by an asterisk are not described in the following pages, and in most cases are recorded 
by other authors. In cases where the plants are not from the Kimeridgian beds of the Sutherland coast, the horizon, 


or approximate horizon, is mentioned. 


I. PTERIDOPHYTA. 
A. EQUISETALES, 


* Hquisetites Beam Bunb.* Brora, Lower Oolite. 
* Equisetites columnaris Brongn. t ” ” ” 
* Equisetites broraensis, Stopes.* Ip ” ” 


B. HypropreripE& (?). 
Sagenopteris Phillipsi (Brongn.). 
C. Finicines. 
1. Dipteridine. 
Hausmannia dichotoma Dunk. 
Hausmannia Buchii (And.). 
Hausmannia Richteri sp. nov. 
* Dictyophyllum, sp.t Helmsdale (Kimeridgian) and 
Brora (Lower Oolite). 
2. Matoninez. 
Laccopterts Dunkert Schenk. 
Matonidium Goepperti (Ktt.). 
3. Gleicheniacez. 
Gleichenites Boodlei sp. nov. 
Gleichenites cycadina (Schenk). 


4, ’ Cyatheaceze. 


Coniopteris hymenophylloides (Brongn.).§ Culgower (Kimeridgian) and 
Brora (Lower Oolite). 
Contopteris quinqueloba (Phill.).§ Brora (Lower Oolite) 


Coniopteris arguta (Lind. and Hutt.). 
5. Osmundacee. 


Todites Williamsoni (Brongn.).§ Culgower and Brora. 
? Osmundacez. 
Cladophlebis denticulata (Brongn.).§ Culgower and Brora. 


6. Marattiacez. 

Marattiopsis Bowert sp. nov. 

7. Ferns of uncertain affinity. 
Cladophlebis sp. ef. C. haiburnensis (Lind. and Hutt.). 
Cladophlebis sp. ef. C. distans (Heer). 
Cladophlebis sp. 

Rhizomopteris Gunni sp. nov. 
Sphenopteris onychtopsoides sp. nov. 
Teniopteris sp. 

Aphlebia sp. 

Rachises of fern fronds. 

Spiropteris sp. 


* Described by M. C. Sropus (07). 

t Recorded by Konica (Murcuison, 1829) as Oncylogonatum carbonarium. 

{ Recorded by M. C. Sropus (07); the fragment figured by Huan MILER (Testimony of the Rocks, fig. 152, 
p. 495) is perhaps referable to this species. 

§ Recorded by M. C. Sropzs from Brora, and recognised in the Culgower flora. 
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D. Fivicines or PrerRtposPERM4 (2). 
Thinnfeldia rhomboidalis Ett. 
Thinnfeldia sp. 
Thinnfeldia arctica Heer. 
Thinnfeldia de Geert (Nath.). 
Thinnfeldia sp. 
Dichopteris Pomelii (Sap.). 
¢ Dichopteris sp. 


. 


Il. GYMNOSPERMi. 
A. GINKGOALES. 


Ginkgo sibirica Heer. 
* Ginkgo digitata (Brongn.). 
Baiera Brauniana (Dunk.). 
? GINKGOALES. 
Baiera Lindleyana (Schimp.). 
Czekanowskia Murrayana (Lind. and Hutt.). 
Phenicopsis Gunni sp. nov. 
* Beania Carrutherst Nath. 
B. ConlFERALES. 
1. Araucariine. 
Araucarites Milleri sp. nov. 
* Araucarites sp.* 
Araucarioxylon sp.t 
t Araucariine. 
Brachyphyllum sp. 
Elatides curvifolia (Dunk.). 
Hlatides Sternbergiana (Schenk). 

2. Conifers of uncertain position. 
Masculostrobus Zeilleri, gen. et spec. nov. 
Masculostrobus sp. 

* Cheirolepis sp.} Brora (Lower Oolite) 
Taxites Jeffreyt sp. nov. 
Taxites sp. 
Taxites sp. cf. T. gramineus (Heer). 
Sphenolepidium sp. cf. S. Kurrianum (Dunk.). 
Coniferocaulon colymbxeforme Fliche. 
3. Abietinez. 
Pinites (Pityospermum) sp. 
* Pinites eiggensis (Lind. and Hutt.).§ Eigg (Lower Oolite). 
C. CycapoPHyta. 
1. Bennettitales. 
Williamsonia pecten (Phill.), 
Williamsonia sp. 
* Bennettites Peachianus Cavrr.|| 

2. Cycadophyta incertz sedis. 

Pseudoctenis eathiensis (Rich.) gen. nov. 
Pseudoctenis crassinervis gen. et spec. nov, 
Zamites Buchianus (Ktt.). 

Zamites Carruthersi, Sew. 


* Recorded by Miss Sropxs (07). + Recorded also in HarKnr’s paper on the Island of Eigg ( 


{ Recorded by M. C. Stops (07). § Described by Linpiry and Huron (31), and by W1THAM ( 
|| Described by CarrutHers (70). 
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Zamites sp.* Brora (Lower Oolite). 
Pterophyllum Nathorsti Sew. 
Nilssonia ortentalis Heer. 
Nilssonia brevis Brongn. 
Nilssonia sp. cf. Nilssonia compta (Phill.). 
Nilssonia mediana (Leck.). 
Bucklandia Milleriana, Caryr.t Brora (Lower Oolite). 
* VYatesia crassa Carr.t re 3 3 
Yatesia Joassiana Carr.t 3 ‘; Fe 
Otozamites sp. 
* Otozamites sp. Brora (Lower Oolite). 
Cycadean pinne, cf. Dioonites Dunkerianus (Goepp.). 
Cycadospadix Pasinianus Zig. 


PLANTA INCERTA SEDIS, 
A, B, C, D (? Podozamites sp.). 


I. PTERIDOPHYTA. 
Hydropteridee (?). 
SAGENOPTERIS, Presl. 


The systematic position of this genus of Mesozoic plants is still uncertain. It is 
not improbable that NatuHorst and some earlier writers are correct in assigning 
Sagenopteris to the Hydropterideze, an opinion based in the first instance on the 
resemblance of the leaves to those of Marsilia, and subsequently supported by NarHorst’s 
discovery of bean-shaped bodies, closely resembling the sporocarps of the recent genus, 
in association with the leaves. ‘These bodies, which have recently been assigned by 
HAE § to a new genus, Hydropterangium, have, however, not been found in organic 
connection with fronds, and the reference of Sagenopteris to the Hydropterideze must, 
therefore, be regarded as provisional and still lacking confirmation. 


Sagenopteris Phillipsi (Brongniart). (‘Text-fig. 1; Pl I. figs. 1-4; Pl. VI. 
photos. 3-5; Pl. VII. photo. 19, s.) 

Professor LestER Warp,|| who is a whole-hearted adherent to the rule of priority 
in its strictest application, has revived the forgotten name [Pecopteris] paucifolia 
employed by Puitiirs in 1829 for this species, which is familiar to all students of 
Mesozoic botany as Sagenopteris Phillipsi, on the ground that BRoneNrARt’s description 
was published in 1830, a year subsequent to the date of Puruuirs’ Geology of 
Yorkshire. 

The genus Sagenopteris is represented by numerous specimens from Culgower, 
occurring for the most part as single and usually imperfect leaflets. They vary in size 
from about 11 em. in length to 1°5 cm. (cf. Pl. VI. photo. 5, and Pl. VII. photo. 19, s), 


* Recorded by M. C. Sropxs (07). + Described by CARRUTHERS (70). { Recorded by M. C. Stopss. 
§ HatiE (10), p.11. For other references, see SEWARD (10), p. 477. || Warp (05), p. 85 (footnote). 
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and differ considerably in shape. I am, however, unable to detect any satisfactory 
distinguishing features which justify the specific separation of the several specimens. 
A considerable range in form and size, in the extent and distinctness of the midrib, and 
in the contour of the apex is characteristic of the genus; moreover, an examination of 
a large number of leaflets shows that such distinct forms as those shown in figs. 1 and 
3, Pl. I., and photo. 5, Pl. VL., are connected by intermediate types. The portion of a 
leaf, 8 em. long, represented in photo. 5, Pl. VI., must have reached a length of at least 
11cm. The midrib extends almost to the apex, and the lateral veins form narrow and 
long areole as they bend steeply upwards and outwards to the edge of the lamina 
(text-fig. 1). This larger form of leaflet bears a close resemblance to some specimens 
from the Inferior Oolite of Yorkshire described as S. Phallipsi var. major.* Photo. 4, 
Pl. VL., shows an almost complete leaflet in which the midrib is particularly distinct 
and the characteristic asymmetrical form of the lamina is clearly shown. This specimen 


Trxr-Fie, 1.—Sagenopteris Phillipsi (Brongn.). Reticulum of secondary veins, with a portion of 

the midrib on the left, The long sides of the areole are approximately ‘6 mm. apart. 

(Gunn collection. ) 
appears to be indistinguishable from S. Nilssoniana (=S. rhoifolia) as figured by 
Hatiz.t The best example in the collection is that shown, rather less than natural 
size, in photo. 3, Pl. VI. A small piece of axis on the left of the leaflets may be a 
portion of the common petiole. Fig. 1, Pl. I, shows a slightly larger leaflet in which 
the apex is somewhat sharper. The linear leaflet, 5:5 cm. long, represented in fig. 3 
agrees closely with some of the Yorkshire specimens referred to this species; the 
secondary veins are obscure, but the midrib is distinct. This narrower form agrees 
more nearly with S. wndulata Nath. than with the other Rheetic species S. Ni/ssomana, 
The preservation of the specimen shown in fig. 4, though far from good, is sufficiently 
clear to enable one to refer it to Sagenopteris. The leaflets are to some extent 
intermediate in shape between the longer forms shown in fig. 3 and the shorter and 
broader examples shown in fig. 1 and in photo. 3, Pl. VI. The apical portion represented 
in fig. 2 illustrates a lanceolate termination in contrast to the broader tips of many — 
specimens. ‘The small cuneate leaflet seen in photo. 19, s, Pl. VIL, is identical with the 
type described by some authors as a separate species, S. cuneata ; it is almost certainly 
a small form of S. Phillipsi. 


* Suwarp (00), fig. 26, p. 169 ; (002), pl. iii. fig. 8. + Hatt (10), pl. ii. figs. 19, 20, ete. 
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As Hate points out in his recent paper on Sagenopteris,* it is not always possible 
to distinguish between S. Nilssoniana (Brongn.) and S. Goeppertiana Zig. ; nor indeed 
is the distinction between S. Phallips: Brongn. and S. Nilssoniana by any means clear 
in all cases, though the latter and older species has usually larger and broader leaflets. 
The Wealden species S. Mantellc (Dunk.), as figured by ScoenKt and other authors, is 
another variable type which presents a fairly close resemblance to S. Phillips:, but the 
leaflets tend to be shorter and broader. The separation by Motter{ of Sagenopteris 
leaflets from the Lower Jurassic of Bornholm into the two species S. rhoifolia 
(=S. Nilssoniana) and S. Phillips: does not appear to rest on adequate grounds, nor 
is it clear why Racrgorsk1 § recognises the two species S. Phillips: and S. Goeppertiana 
in the material from the Lower Jurassic of Cracow. Sagenopteris Phillips: was 
widely spread in the Jurassic floras of Europe ; it has been recorded also from Jurassic 
beds in North America,]| and the specimens figured by Fontaine from Lower 
Cretaceous strata of California as S. elliptical probably belong to the same species. 
Nartuorst ** describes an Antarctic specimen from Louis Philippe Land as possibly 
identical with S. Phillipsi, and Yasr’s species S. bilobata,t+ from the Jurassic 
of Korea, is perhaps an example of the same type. 


FILICINE. 


1. Dipteridine. 


HavsmanniA, Dunker. 


One of the most interesting discoveries made by Dr Gunn is the presence of 
Hausmannia in the Culgower flora. This generic name, employed in the wider sense in 
which it is used by Ricurer{} in his admirable monograph of the genus, includes both 
the Wealden species on which DunKER founded the genus and the Jurassic species on 
which Anprar §§ founded his genus Protorhipis. Hausmannia bears a close resemblance 
in habit to the existing ferns Dipteris and Platycerium, though the venation and soral 
characters show it to be more nearly akin to Dipteris, a genus which has persisted 
through the ages in the Indian and Malayan regions. 


Hausmanma dichotoma unk. (Pl. I. figs. 14-17, fig. 19; Pl. IL. fig. 20.) 
1846. Dunker, Wealdenbildung, p. 12, pl. v. fig. 1. 

This species is represented by several specimens, many of which are fragmentary, 
though some (figs. 14, 15, Pl. I.; fig. 20, Pl. Il.) furnish striking examples of the deeply 
lobed fan-shaped fronds. The impression seen in fig. 20 bears a superficial resemblance 
to Ginkgo or Baiera, from which it is, however, distinguished by venation characters. 

* Hate (10). + ScuEnk (71), pl. x. fig. 5. { MOLLER (02). 


§ RacreorskI (94), pl. xx. || Warp (05). S| Warp (05), p. 236. 
** NaTHORST (04). ++ YaBE (05), pl. iii. fig. 16. ti RicuTEr (06). §§ ANDRAE (53). 
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This leaf, 12 cm. broad, shows a division of the lamina into four primary segments, each 
of which is deeply lobed. No sporangia have been found on this or any of the 
specimens. In the leaf represented in fig. 14, Pl. L, 14°5 ecm. long, the main ribs are 
much more clearly preserved, and traces of the finer reticulum are also visible con- 
necting the chief vascular strands, as shown in text-fig. 2 and in fig. 21, Pl. I]. The 
fronds represented in figs. 14, 20 agree exactly with some of RicHTER’s specimens from 
the Lower Cretaceous of Quedlinburg, and exhibit a close resemblance to leaves of recent 
species of Dipteris. Fig. 15, Pl. I., shows part of a smaller leaf with narrow segments, 
and a piece of a broader lobe with several ribs is seen in fig. 16: the surface of the 
lamina in the latter specimen presents a pitted appearance,—like that more clearly 
shown in fig. 17, and which is particularly obvious in RicutseR’s photographs,—due to 
the division of the leaf-area into numerous areole by the fine anastomosing veins. The 


Trxt-Fic. 2.—Hausmannia sp. Part of a dichotomously branched main rib and the intercostal 
reticulum (x5). (Peach collection, British Museum, V. 4365.) 


imperfect frond shown in fig. 19, though possibly a distinct species, bears a close 
resemblance to the smaller specimens figured by RicuTER as H. dichotoma var. 
linearis.* It differs from the majority of the examples referred to Hl. dachotoma in the 
more linear form and uniform breadth of the segments, each of which has one median 
rib. This specimen is very similar to fronds of Dipteris quinquefurcata (Baker).t 


Hausmannia Buchii (Andrae). (Fig. 21, Pl. II.; photo. 6, Pl. VI; text-fig. 3.) 
1853. Protorhipis Buchii, Andrae, Lias Flora von Steierdorf im Banate, p. 36, pl. viii. fig. 1. 


The specimens shown in fig. 21, Pl. IL, photo. 6, Pl. VI., and in text-fig. 3 are 
referred to ANDRAE’S species because they agree with his type in the absence of a median 
sinus and in venation characters. ANDRAE described his species as follows :—“ Pro- 
torhipis fronde late sinuato-dentata, venis primariis pluries dichotomis validis remotis, 
venis secundariis et venulis tenerrimis.” { 


* RIcHTER (06), pl. iv. figs. 6, 9, 9a. + SEwaRD and Datu (01), pl. xlviii. figs. 13, 18, 
t AnpRAzE, (53), p. 36, 
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ZEILLER™ has assigned to ANDRAE’S species specimens from the Steierdorf beds 
which differ from the type in the presence of a median sinus, and in this respect agree 
with Ricuter’s species H. Kohlmanni: the latter author has made ZEILLER’S specimens 
_ the type of a new species, H. Zeillerz. In the two specimens from Culgower shown in 
text-fig. 3 and in fig. 6, Pl. VI., the edge of the lamina is torn, and it is difficult to 
distinguish between true lobing and the result of tearing. ‘The lamina probably 
reached a length of 12 cm. from the top of the petiole, and a breadth of 16 cm. In 
some places there are indications of finer veins at right angles to the main ribs. The 
_ typical Hausmannia venation is shown in the fragment represented in text-fig. 2, which 
‘may belong to this species, and in the enlarged portion of a leaf shown in fig. 21, PL. I. 
In Ricurer’s species H. Kohlmanni the fronds differ but little from those of H. Buchi, 
but the lamina appears to be always characterised by a distinct median sinus. Some of 


Text-Fic. 3.—Hausmannia Buchii(And.) From a block lent by the Cambridge University Press.* (Nat. size.) 
* Seward (10), p. 393, fig. 289. 


larger specimens figured by Barruotint and by Mouier{ from the Lias of 


dissection of the lamina. 


General Remarks on the two species Hausmannia dichotoma Dunk. and 

HI, Buchu (And.). 
_ Though it would be rash and perhaps incorrect to unite under one specific term 
fronds differing as much from one another as those represented in fig. 14, Pl. I., and 
1oto. 6, Pl. VI., it is admissible to suggest the possibility that Hausmannia may 


orbicular and entire, adapted to the collection of débris; so in the Jurassic species 
there may have been a similar division of labour in the foliar organs. This somewhat 


* ZEILLER (97), pl. xxi. figs. 1-5, p. 51. + BarTHOLIN (92), pls. xi, xii. t~ MoE (02), pls. iv., v. 
TRANS. ROY, SOC. EDIN., VOL. XLVII. PART IV. (NO. 23). 98 
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fanciful suggestion was prompted by a photograph illustrating a new species of 
Platycerium, recently described from Malaya by Dr Curist,* in which the longer and 
deeply lobed fronds are almost identical with those of H. dichotoma, while the smaller 
orbicular leaves may be compared with those represented in text-fig. 3 and in photo. 6, 
Pl. VI. In the recent genus Dipteris the stem is rooted in the ground and the fronds 
are not markedly dimorphic, and it is to this genus rather than to Platycerium that 
Hausmannia appears to be closely allied. The Bornholm species H. Forchammeri 
shows a degree of variation in the dissection of the lamina which illustrates the risk of 
regarding such differences as characterise H. dichotoma and H. Buch as necessarily 
of specific rank. It would, however, be unjustifiable to unite forms so distinct as those 
shown in fig. 14, Pl. L., and photo. 6, Pl. VL., without the evidence of clearly marked 
transitional fronds. The important point is, not so much the delimitation of specific 
boundaries, a task on which the paleeobotanist wastes much time, but the fact that the 
genus Hausmannia played a prominent part in the Jurassic floras of Hurope. There 
can be little doubt that in the Malayan and Indian Dipteris we have a nearly related 
fern, which is a direct descendant of Jurassic ancestors some of which played a part in 
the flora of Culgower. Hausmannia is recorded from the Wealden of North Germany 
by Dunker and Scuenx: the fragment described from the English Wealden as 
Dictyophyllum Romer: Schenk,t and a specimen from the Bernissart beds of Beloium 
referred to that species,{ are probably portions of Hausmannia leaves. The Lower 
Cretaceous species Asplenium Forsteri Deb. and Ett.§ is probably identical with H. 
dichotoma. The fragment figured by Fonratne from the Lower Cretaceous Shasta 
formation as ? Hausmannia californica || may be a piece of a Hausmannia frond ; it is 
possible that the specimen described by the same author as Marchantites erectus 
(Leck.) {1 from the Jurassic of Oregon is also referable to Hausmannia. 


Hausmanma Richter sp. nov. (Figs. 18, 18A, Pl. 1.) 


The small incomplete leaf shown in fig. 18 seems worthy of a distinctive name. 
A similar form is described by Natuorst as Hausmannia crenata** from the Rheetie 
of Scania, the type-specimen being refigured by Saporta; {+ other similar leaves are 
represented by ZicNo’s Protorhipis asarifolia tt from the Jurassic of Northern Italy, and 
P. cordata Heer $§ from the Lower Cretaceous of Greenland. The orbicular Culgower 
type is characterised by a somewhat irregularly crenulate margin and by the absence of 
prominent main ribs. As seen in fig. 18A, the lamina is divided by anastomosing 
veinlets into polygonal areas abutting on forked veins: the enlarged drawing is shown 


with the upper end pointing downwards. A similar form of leaf is met with also in the 
recent Dipteris conjugata.||| 


* CHRIST (09). + SEWARD (94), p. 140. { Sewarp (00°), pl. iii. fig. 34. 
§ Depry and ErrrncsHauseEn (59), pl. ii. fig. 11. || Warp (05), pl. Ixv. 
“| Warp (05), pl. vi. fig. 1, p. 53. ** Naruorst (86), pl. xi. fig. 4. 
t+ Saporra (94), pl. xxii. fig. 12. t{ Zrano (68), pl. ix. fig. 2. 


S$ Heer (80), pl. iii. fig. 11. |||| Sewarp and Date (01), pl. xlvii. fig. 23. 
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2. Matoninee. 


Laccopreris, Presl. 


The Sutherland specimens referred to this genus would no doubt be placed by some 
authors in Saporta’s genus Microdictyon, but as stated elsewhere,* the supposed 
distinction as regards venation which led to the creation of the latter name does not 
seem to me sufficiently important to justify generic separation. 


Laccopteris Dunkeri Schenk. (PI. I. figs. 5-13; Pl. V. figs. 101, 101A; Pl. VII. 
photo. 7; text-fig. 4.) 
1871, Schenk, Palzontographica, Bd. xix. p. 219, pl. viii. figs. 3-5. 


This species is abundantly represented by fragments of pinnules nearly all of which 
are fertile ; in a few specimens part of a rachis or pinna-axis is preserved showing the 
attachment of linear segments (fig. 6, Pl. I.; fig. 101, Pl. V.; photo. 7, Pl VI). 
While most of the pinnules have a breadth of about 5 mm.,a few are 9 mm. broad. 
The lamina is usually represented by a fairly thick layer of carbonaceous matter, and 
the edges are often revolute, facts pointing to strong and thick pinnules. The 
specimens illustrated in figs. 5, 8, 9, 10, Pl. L., and photo. 7, Pl. VI., despite the difference 
in size, are included under one name because of the occurrence of intermediate forms 
and their agreement as regards venation. Several specimens were treated with nitric 
acid and chlorate of potash, but no sporangia were found. The sori are circular, with 
a central receptacle (fig. 11A, Pl. I.), as in the recent genus Matonia. 

Fig. 101, Pl. V., shows part of an axis 11 cm. long bearing alternate and sub- 
opposite linear segments characterised by a prominent midrib. At first sight this very 
obscure impression suggested a comparison with Naruorst’s genus Pseudocyeas,t but 
closer examination revealed the presence of faint soral impressions (fig. 101A). One of 
the longest pinnules is seen in fig. 9, Pl. I.; this has a length of 6 cm. and a uniform 
breadth of 4 mm., but it is broken across at each end and must have been much longer. 
The sori, which occur in two rows, are generally preserved as prominent bosses with a 
central pit (figs. 11,11A). The repeatedly branched secondary veins form a reticulum like 
that in the Inferior Oolite species L. polypodiordes and in the specimens of L. Dunkeri 
from the Wealden of Germany and Belgium. The venation of sterile seements is clearly 
shown in text-fig. 4, and in the smaller pinnule in figs. 8, 8A. Fig. 12, Pl. L., shows the 
repeatedly forked veins at right angles to the midrib of a fertile segment. The fertile 
fragment represented in fig. 7, Pl. I., illustrates a fairly common manner of occurrence of 
detached pinnules; the coiled lamina may indicate immaturity. In some specimens 
(fig. 10) the base of the lamina is slightly rounded, while in fig. 6 the attachment to the 
axis appears to be by the whole base. The fragment shown in fig. 13 is identical, except 


* SEWARD (10), p. 360. See also SEWARD (99). + NatHorst (07). 
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in its greater breadth, with such specimens as those seen in figs. 9 and 11. The larger 
example shown in photo. 7, Pl. VI., bears a close resemblance to the genus Nathorstia, 
the fructification of which has been recently described by Naruorst,* but I have no 
doubt as to its generic identity with the smaller forms. 

It is not always easy to distinguish between Laccopteris and Nathorstia; the form 


of the pinnules is the same but the sori are distinct, those of the latter genus having 
Marattiaceous affinities, while Laccopteris appears to be allied to Matonia. Dr 
NatuHorst, whose opinion I sought as to the nature of the fossil shown in photo. 7, 
examined specimens from the same locality in his own collection and expressed the view 
that the resemblance to Nathorstia does mean near relationship. 

Specimens undoubtedly identical with the Culgower plant are recorded from the 
Wealden of Belgium, Germany, and England. The Jurassic species L. polypodioides 
Brongn. and L. Woodward: (Leck.) + differ but little from the Sutherland fern. 


Text-Fie, 4.—Laccopteris Dunkeri Schenk, Venation of a piece of sterile pinnule (x 8). (Gunn collection.) 


Saporta’s specimens from the Bathonian of France described as Microdictyon 
Woodwardi{ and Racizorskr’s fossils§ from the Lias of Poland described under the 
same name afford examples of this widely spread Mesozoic generic type. The specimens 
figured by Depry and ErrinesHausen from the Lower Cretaceous of Aachen as” 
Carolopteris aquensis || bear a close resemblance to the Scotch species, and examples 
of Laccopteris figured by BarrHotin as Microdictyon sp.| from Bornholm are very 
similar to the specimen represented in photo. 7, Pl. VI. 


Martonipium, Schenk. 


Matonidium Goepperts (Ettingshausen). (PI. II. figs. 25, 26.) 


1846. Pecopteris Althausii, Dunker, Wealdenbildung, p. 5, pl. ii. fig. 2. 
1852. Alethopteris Goepperti, Ettingshausen, Abh. k.-k. geol. Reichs., Bd. i., Abth. iii., No. 2, p. 16, pl. v. 
1871. Matonidium Goepperti, Schenk, Palzont., Bd. xix. p. 219, pe CKV Uy KK V Te 


I have retained the specific name instituted by ErrincsHAUSEN as bene better 
known than the older name under which DunKEr first described the Wealden specimens 
* Nartuorst (08). + Spwarp (00), pls. xii. xiii. ; text-fig. 1la. 


{| Saporra (78), pl. xxx. § Ractrporski (94), pl. xiii, figs, 10-14. 
|| Desey and ErrrvasHavusen (50), pl. iii. figs. 20-27. “| BaRTHOLIN (92), pl. x. fig. 2. 
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of this fern. Lester Warp* has revived DonKer’s original name on the ground of 
strict priority. 

The two specimens shown in figs. 25, 26, Pl. II., though imperfectly preserved, bear 
so close a resemblance to the Jurassic and Wealden type Matomdium Goepperti, as also 
to the pinne of the recent species Matonia pectinata, that I venture to regard them as 
pieces of a Matonidium frond. The ultimate segments are falcate, with blunt apices 
aud a prominent midrib; the lateral veins are only slightly indicated. In herbarium 
specimens of Matonia the prominence of the midrib is a striking feature, and it is easy 
to realise the possibility that an impression of a pinna on a coarse matrix might well 
lack any traces of the lateral veins. 


8. Gleicheniacee. 


GLEICHENITES, Goeppert. 
Gleichenites Boodle: sp. nov. (PI. III. figs. 42, 42A, 48, 483A.) 


Though it is impossible to give an adequate diagnosis of the fragment which I have 
named after Mr Boop. of the Jodrell Laboratory, Kew, who has considerably extended 
our knowledge of the anatomical features of the recent Gleicheniaceze, it is convenient to 
adopt a specific name. ‘The fragment reproduced natural size in fig. 42, Pl. III., consists 
of two prominent carbonised rods, enclosed in fibrous tissue, converging and slightly 
increasing in diameter towards the lower edge of the specimen. A section of the two 
axes along the line ab is shown in fig. 42A. Each axis consists of a central rod of 
xylem, X, fig. 43, partially surrounded by patches of more delicate tissue, P, probably 
representing the remains of phloem and pericyclic tissue. Separated from the xylem- 
rod or protostele by a space occupied by crystalline material is a broad cylinder of 
cortical tissue; the inner portion of the cortex, c’, is almost opaque and is composed of 
very thick cells ; this is succeeded by a zone of well-preserved and fairly thick-walled 
cells, ec”, which are crushed in the peripheral region, c’”. The portion of the stele enclosed 
in the loop a, fig. 43, is shown on a larger scale in fig. 43A. The group of small elements 
at Pa may safely be identified as protoxylem; the main mass of the stele is composed 
of scalariform metaxylem tracheids, Mx, with occasional islands of parenchyma. At P, 
fig. 43A, a portion of the smaller and thinner phloem elements is shown. A few of the 
patches of protoxylem can be made out in the two steles, occupying a position slightly 
internal to the outer edge of the xylem. The structure of the protosteles in the axes 
appears to be identical with that of some recent species of Gleichenia. The convergence 
of the two axes suggests dichotomous branching, presumably of a rhizome, as the 
vascular structure agrees with that in the stem rather than with that of the rachis of 
recent species. 


* Warp (99), p. 653. 
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Gleichenites cycadina (Schenk). (Text-fig. 5; Pl. III. figs. 48-544 ; 
Pl. V. figs. 87-89, 92-96.) 

1871. Alethopteris cycadina, Schenk, Palexontographica, Bd. xix. p. 218, pl. xxvii. figs. 6, 6a, 
pe se ae. ae 

1871. Pecopteris Dunkert (pars), tbid., pl. xxxi. fig. 1. 

1876. Alethopteris cycadina, Schenk, Palxont., Bd. xxiii., pl. xxvi. fig. 6. 

1894. Nathorstia valdensis, Seward, Wealden Flora, vol. i. p. 145, pl. vii. fig. 5, pl. ix. figs. 2, 2a. 

1895. Leckenbya valdensis, Seward, Wealden Flora, vol. ii. p. 225. 

1900. Leckenbya valdensis and Cladophlebts Dunkeri (pars), Seward, Mém. Mus. d’Hist. Nat. 
Belgique, tome i. p. 24, pl. iii. figs. 42-46, 51. 

The fern identified as Gilexchenites cycadina is one of the commonest species in the 
Culgower flora, but its abundance is no doubt in great measure due to the delicate or 
brittle structure of the pinnz; it occurs almost always as very small pieces of fronds. 
The best specimen is that represented in fig. 50, Pl. III, one of the few examples 
showing pinne in connection with a supporting axis. The examination of a large 
number of examples enables me to give the following incomplete diagnosis :—Frond 
compound ; pinnze, which are given off at a wide angle (fig. 50), usually narrow and 
linear, and probably reaching a considerable length without much difference in breadth ; 
as seen in figs. 52, Pl. III, 88, 89, Pl. V., they taper very gradually towards the 
distal end. The fronds also bore pinnee of a lanceolate form with pinnule decreasing 
more rapidly in length towards the apex of the pinna (figs. 54, Pl. III; 94, 95, 
Pl. V.). Pinnules thick, contiguous orslightly separated (figs. 48, 49, 52, Pl. IIL ; text- 
fio. 5, A, B), varying considerably in size and form; the smaller pinnules may be more 
or less semicircular, sub-orbicular, or deltoid (cf: figs. 51, 51A, 53, Pl. IIL; 87, 89, 
Pl. V.), with a bluntly rounded apex and basal angles; these pass into longer and 
relatively narrower segments (figs. 48, 48A, 50, 52, etc.), some of which are several 
times longer than broad (e.g. fig. 49, Pl. III.). In the case of some of the smaller 
pinnules the lamina appears to be attached by the whole breadth of the base (figs. 92, 96), 
but in this specimen the actual pinnules are not preserved and the appearance of the 


hollow mould may be misleading. As a rule the base of the pinnule is rounded and 


the lower edge forms a prominent and thick lobe (figs. 48A, 49, Pl III.; 87, 88A, 
Pl. V.). In the unusually large pinnule represented in fig. 92, Pl. V., the upper edge of © 
the base is slightly lobed. The lamina is usually entire, but in the longer pinnules the 
edge becomes crenulate (figs. 54, 54A, Pl. IIL ;.93, 938A, 95, 95A, Pl. V.). The sori © 
are circular and occur in a single row on each side of the midrib; they are best seen in 
pinnules from which the thick carbonaceous film has been removed, and are preserved as 
a projecting circular rim enclosing a depression which no doubt marks the position of a 
central receptacle like that in Laccopteris and other ferns (figs. 54A, Pl. II].; 95A, PL V.). 
No sporangia have been found. ‘The venation consists of a midrib giving off dichoto- 
mously branched veins at a fairly wide angle (figs. 48A, 49, Pl. III.; 87, 96, Pl. V.; 
text-fig. 5). The thick carbonaceous layer representing the lamina indicates pinnules 
of a fleshy xerophilous type. 
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No decisive evidence has been obtained as to the affinity of this fern, though the 
facts favour the view that it is closely allied to the genus Gleichenia. Such specimens 
as those represented in figs. 50-52, Pl. III., 88, 89, Pl. V., bear a close resemblance to 
the pinnee of recent species of Gleichenia, as also to some of the Lower Cretaceous 
species figured by Hesr: the form of the soral casts is consistent with this comparison. 
A piece of collateral evidence is furnished by the petrified fragment, presumably of a 
stem, represented in figs. 42-43, Pl. III., and described as Gileichentes Boodle:. This 
specimen has no pinnules in connection with it and cannot therefore be assigned to the 
same species as the detached pinnz of G. cycadina. The Gleicheniacez are known to 
have been represented in European floras during the Lower Cretaceous period: HEER’s 
Greenland specimens of well-preserved fronds and the anatomical characters discovered 
by Dr Bommer in stems from Wealden beds in Belgium constitute decisive proof.* 
Some at least of the specimens which I described in 1894 as Leckenbya valdensis t 
from the Wealden of Sussex are identical with the Culgower fern ; there is, however, 


TExt-Fic. 5.—Gleichenites cycadina (Schenk). 


A. Sterile pinnules (x5). (Arber collection, 496.) 
B. Sterile pinnules ( x 4), (Arber collection, 554.) 


little doubt as to the identity of the German Wealden species described by ScHeNK as 
Alethopteris cycadina with the Sutherland type, which is therefore referred to the 
older species founded in 1871. The sori of the German specimens appear to agree 
with those represented in fig. 95A, Pl. V. The small fragment figured by ScHENK as 
Sphenopteris delicatissima t may be a piece of the distal end of a pinna of Gleichenites 
cycadina, and some of the examples identified by ScHENK as Pecopteris Dunkeri are 
indistinguishable from the Culgower fern. The prominent basal lobe of the pinnules 
of Gleichenites cycadina constitutes a distinguishing feature between this type and 
several species of the same genus described from Jurassic and Lower Cretaceous 
localities. A comparison may be made with the following species: (rlecchenites sp. 
described by Naruorsr§ from Upper Jurassic beds in Spitzbergen; pieces of pinne 
from Wealden rocks in Japan referred by the same author to Pecopteris Geyleriana ; | 
Hzer’s Greenland species Gleichenites delicatula ; 1 Fontarne’s plant from the Lower 
Cretaceous of California figured as Gleichenia Nordenskioldi Heer ;** FEristManTEL’s 
Pecopteris teneratt from the Jurassic of Cutch, India; also the Indian fern Pecopteris 
* Suwarp (10), p. 353. + SEWARD (94), p. 145 ; (95), p. 225. 


{ Scumnx (71), pl. xxvii. fig. 3. § NatHorst (97), pl. ii. figs. 15, 16. || Narorst (90), pl. iv. fig. 3. 
‘] HEER (75), pls. ix., x. ** Warp (05), pl. lxv. ++ FrristMantTEL (76), pl. iii. fig. 5. 
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gleichenoides Old. and Morr.;* some of the species of Gleichenitest recorded by 
VELENOVSKY from Lower Cretaceous rocks of Bohemia; the Lower Jurassic fern 
described by Ractporskt from Poland as Gilecchenites Rostafinskii,t as well as other 
species. In the absence of venation-characters it would be easy to confuse small pieces 
of Werchselia Mantelli with Gleichenites; fragments of Weichselia from the Wealden 
beds of Bernissart in Belgium,§ apart from the reticulate venation, bear a very close 
resemblance to Gleichenites. The plant described by Fonraine from the Lower 
Cretaceous Shasta formation of California as ? Gilecchenia Gilbert Thompsoni|| is 
probably part of a Weichselia frond. 


4. Cyatheacez (?). 
Conioreteris, Brongniart. 


Comopteris hymenophylloides (Brongniart). (Pl. ILI. figs. 44-46 ; 
Pl. VIII., photo. 27.) 
1828. Brongniart, Hist. vég. foss., p. 189, pl. lvi. fig. 4. 


The small pieces of leaves of the Sphenopteris type obtained from the Sutherland 
rocks do not afford very decisive evidence as to their affinity, but, with the exception 
of the specimen represented in Pl. VIII., fig. 28, they agree closely with Brongniart’s — 
species Coniopteris hymenophylloides. The rachis is winged and the pinnules vary 
slightly in the degree of dissection of the lamina. The fragment shown in fig. 46A, 
Pl. II1., slightly enlarged, is characterised by the narrow form and distally expanded 
end of some of the segments, features which suggest comparison with the more complete | 
fertile examples of the species from other localities. Coniopteris hymenophylloides is 
an exceedingly abundant Jurassic fern which has been described under various generic 
names, Thyrsopteris, Dicksoma, Sphenopteris, etc. It is recorded from such widely 
separated regions as the Antarctic and Arctic regions, California and Japan. 


Comopteris arguta (Lindley and Hutton). (Pl. IV. figs. 58, 59; Pl. VIIL photo. 31.) | 


1834. Neuropteris arguta, Lindley and Hutton, Foss, Flor., pl. ev. 

1900. Coniopteris arguta, Seward, Jurassic Flor., vol. i. p. 115, pl. xvi. figs. 3, 3a, pl. xvii. figs. 4, 5. 

The habit of this fern is most clearly seen in the large but faint impression shown in 
fig. 58. A broad rachis, 15 em. long, gives off alternate short linear-acuminate pinnae 
bearing oblique linear pinnules with apparently entire margins and rather blunt apices. — 
A smaller specimen is reproduced in photo. 31, Pl. VIII. ; the venation is very obscure, — 
a few traces of secondary veins being visible. The broader pinna shown in fig. 59, which 
agrees in shape with the smaller pinne on other specimens, bears longer-lobed pinnules. 
In the absence of fertile pinnules it is impossible to determine the affinity of these 


* OLDHAM and Morris (63), pl. xxv. + VELENOVSKY (85), pl. ili. 
t Racrporsxi (94), pl. xiii. figs, 15-21. § Sewarp (00°). || Warp (05), p. 232. 
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specimens with confidence, but the resemblance to the sterile fronds of Conzopteris 
arguta from the Yorkshire beds is, I think, sufficiently close to justify the adoption of 
that specific name. It is difficult in the case of fragmentary examples to distinguish 
between the pinne of C. arguta and Klukia exilis (Phill). An Indian species, 
Pecopteris ? lobata Old. and Morr.,* may be identical with this type. 


Comopteris quinqueloba (Phillips). (Pl. VIII. fig. 28.) 
1875. Sphenopteris yuinqueloba, Phillips, Geol. Yorks., p. 215, fig. 33. 


The small pinnules of the piece of frond represented in photo. 28 indicate a more 
delicate type than Comopteris hymenophylloides ; they agree in their oblong deltoid 
shape and lobed, basally constricted, lamina with the segments of the species which 
Puiiuirs described from the Yorkshire coast as Sphenopteris quinqueloba, a fern 
subsequently referred to Coniopteris on the discovery of fertile segments by NatHorsr.t 
A specimen of PHILLIPS’ species in the Bean collection in the British Museum (39,263) 
agrees precisely with the Culgower fragment in the nature of the pinne and pinnules. 
This fern may be compared with Hymenophyllites delicatulus Sap.{ from the French 
Corallian, and with Sa.reLp’s figure of Stachypteris lithophylla§ from the Corallian of 
Germany. 


5. Osmundacee. 


TOoDITES. 


Todites Williamson: (Brongn.). (PI. Il. figs. 27, 27A; Pl. IV. fig. 57; 
PIOV I stig. 15.) 


1828. Pecopteris Williamsonis, Brongniart, Prodrome, p. 57. 
1900. Todites Williamsont, Seward, Jurassic Flora, vol. i. p. 87, pl. xiv. figs. 2, 5, 7; pls. xv., xxi. 
The specimen represented in fig. 27, Pl. II., 7 cm. in length, has an almost uniform 

breadth, 5-8 mm., and gives the impression of having formed part of a long and very 
gradually tapered pinna. The pinnules are falcate and acutely pointed, the upper margin 
is slightly lobed at the base and the lower edge strongly curved; the venation is 
obscure, but is seen in the enlarged drawing (fig. 27A) to consist of a midrib with 
secondary forked veins arising at an acute angle. An almost complete distal end of 
a linear pinna is shown in fig. 57, Pl. IV. A larger though more imperfectly preserved 
specimen reproduced in photo. 15, Pl. VIL, affords evidence as to the nature of the 
plant. Portions of four linear pinne are attached at an acute angle to a broad rachis, 
the longest pinna being indistinguishable from the pieces shown in figs. 27, 57; it 
reaches a length of 12 cm. The axis of each pinnais fairly broad. This larger example 
exhibits the features characteristic of Todites Williamsonz, which are well illustrated 
in the numerous specimens described from the Inferior Oolite of Yorkshire,|| namely 

* OLpHAM and Morris (63), p. 52. t SEWARD (0U), p. 114, fig. 15. 


{ Sarorra (91), p. 389. § SALFELD (09), pl. iii. fig. 4. || SewaRD (00). 
TRANS. ROY, SOC, EDIN., VOL. XLVII, PART IV. (NO. 23.) 99 
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the very long tapering pinne, the broad pinnules with a strongly curved lower margin, 
and the broad rachis. Unfortunately none of the segments in the Sutherland specimens 
show any certain indications of sporangia, but in spite of this I have no hesitation in 
adopting the generic title Todites. Portions of smaller pinnze of this type bear a close 
resemblance to the Wealden species Cladophlebis longipennis Sew.,* but the slightly 
contracted base of the pinnules in that species is a distinguishing feature. It is at 
first sight not always easy to distinguish between the smaller Todites pinnee and those 
of Sphenopteris onychiopsoidest such as that shown in fig. 24, Pl. IL, but closer 
inspection reveals a deeper sinus between the narrow segments of the latter type. 
The specimens referred to Todites Willuamsoni have rather smaller pinnules than 
those borne on some of the larger specimens from the Yorkshire beds, but in some 
cases the agreement seems to be absolute : compare especially photo. 15, Pl. VII., with 
figs. 1 and 2, pl. xv., of my Jurassic Flora of Yorkshire (vol. i., 1900). . 


The specimens figured by Yokoyamat from China as Todites Walliamsoni are 
undoubtedly portions of Cladophlebis fronds, in habit like C. denticulata, but in 
venation agreeing with C. Raciborski Zeill.§ The Keuper species described by 
LeuTHarpT from Basel as Pecopteris Rutimeyeri,|| though not specifically identical 
with the Culgower plant, is almost certainly a species of Todites. RaciBorskI'’s species 
from the Lower Jurassic of Poland, Cladophlebis solida,{’ is very close to the Scotch 
specimens in habit and in the form of the pinnules. 


Osmundacee (?). 
CLADOPHLEBIS, Brongniart. 


The employment of this name is professedly a confession of ignorance as regards 
the family position of the species so named ; but in regard to Cladophlebis denticulata 
Brongn., or at least some of the examples of this type, it is probable that we should 
be correct in assigning the species to the Osmundacee.** 


Cladophlebis denticulata (Brongniart). (PI. IL. figs. 31-36, 38; Pl. VL 
photos. 8,9; Pl. VIII., photo. 29.) 


1828. Pecopteris denticulata, Brongniart, Prodrome, p. 57. 


The limits of this species are very difficult, or indeed impossible, to determine with 
precision. It is clear that the fronds reached a considerable size, and there must have 
been a considerable range in the form and size of the pinnules. Professor ZEILLER, in the 
Monograph of the Tonkin Flora, discusses with his customary clearness the distinguish- 
ing features of certain types of Cladophlebis. He speaks of C. denticulatatt as usually 

* Spwarp (94), pl. ix. fig. 1. + See postea, p. 672. { Yoroyama (06), pls. v.—viii. 


§ ZetLLER (03), p. 49. || LuurHarpr (04), pl. xv. “| RactBorsKi (94), pl. xxiv. figs. 10-13. 
** SpwaRrp (10), p. 340. +t ZEILLER (03), p. 47. 
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recognisable by its large pinnules, broadest at the base and with denticulate margins, 
also by the ultimate segments being less crowded than in the similar type C. nebbensis, 
and by the single dichotomy of the secondary veins. It is very doubtful whether the 
presence or absence of marginal teeth is a feature of importance. Pinne are often met 
with in Jurassic rocks bearing entire pinnules indistinguishable from those of C. denticu- 
lata except by the absence of denticulations. The specimen reproduced in photo. 9, 
Pl. VI., is a case in point: the pinnules are apparently entire, but in other respects 
identical with those of the typical C. denticulata. A denticulate margin is seen in 
the portion of a pinnule represented in fig. 38, Pl. Il., and in the pinnules enlarged in 
fig. 31. It is not easy in the case of apical portions of fronds to separate C. denticulata 
from Todites Williamson: (Brongn.), but as a rule the shorter and relatively broader 
segments and their more crowded arrangement constitute well-defined characteristics 
of the latter species. Photo. 9, Pl. VI., shows the falcate form of the linear pinnules 
with broad bases, the alternate pinne, and the single dichotomy of the lateral veins. 
In some of the Culgower specimens the pinnules reach a length of 2°5 cm. and a 
breadth of 7 mm. The rachis is narrower than in Todites Williamson. The degree 
of inclination of the segments to the pinna axis is by no means constant; the lower 
edge is usually strongly curved upwards, as in photo. 9, and a still greater inclination 
is seen in figs. 35, 36, Pl. II. The specimen represented in photo. 8, Pl. VI., has 
shorter pinnules than those seen in many examples, but the venation appears to 
conform to the type. A smaller apical piece is shown on fig. 34, Pl. Il.: fig. 32, 
Pl. Il., shows the characteristic venation. With some hesitation I refer the specimens 
represented in photo. 29, Pl. VIII., and in fig. 33, Pl. II., to this species, though the 
straighter and narrower form of the pinnules may be a specific character. In the case 
of the impression shown in photo. 29 the preservation is far from good, and the 
narrower form may be partially due to this fact. The imperfect fragment represented 
in fig. 56, Pl. IV., is apparently characterised by a lobing of the pinnules and may 
belong to a distinct type or even to another genus, e.g. Thinnfeldia: the preservation 
is, however, too imperfect for satisfactory determination. Photo. 29, Pl. VIII, bears 
a very close resemblance to specimens described by VELENovsKY* as Pteris frigida 
Heer from Lower Cretaceous rocks in Bohemia, and to the Indian Jurassic fern figured 
by FretstmanteL as Alethopteris Medlacottiana Old.t 

Cladophlebis denticulata had a very wide geographical range in the Jurassic period ; 
it closely resembles C. nebbensrs Brongn. as represented by such specimens as those 
figured by Naruorst { from the Rheetic beds of Scania, and by Zertuer § and Yokoyama || 
from the Rhetic of Tonkin and Japan respectively. The Lower Cretaceous species 
C. Alberts: (Dunk.) from the Wealden of Germany and England,{i also C. frigida 
(Heer) from Greenland ** and elsewhere, are similar forms of the genus. The fronds 
described by Hartz from Lower Jurassic (or Rhetic) strata in Greenland as 


* VELENOVSEY (85), pl. iv. + FEISTMANTEL (77), pl. i. { Natnorst (78). 
§ ZEILLER (03). || Yokoyama (05). 4] Szwarp (94). ** HEER (82). 
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C. Roesserti groenlandica* agree closely with the Culgower specimens bearing broader 
pinnules, and C. Stewartiana Hartz is hardly distinguishable from the example re- 
presented in Pl. VI. fig. 9. The specimens described by Yokoyama from Wealden 
beds in Japan as C. Nathorstit are probably pieces of C. denticulata. In recording 
the occurrence of C. denticulata in Jurassic rocks in the Caucasus { I incorrectly referred 
to a specimen, described by Yokoyama from the Jurassic of China as Todites 
Williamsoni, as being C. denticulata, without noticing that the secondary veins are 
more than once forked: the China species may be identical with C. Raciborska Zeill. 
from the Rheetic of Tonkin ; it is certainly not Todites. 


6. Marattiaceee. 
Maratriopsis, Schimper. 


Marattiopsis Boweri sp. nov. (PI. II. figs. 28, 29.) 


The incomplete leaflet shown in fig. 29 is characterised by a fairly broad midrib 
which gives off single or forked lateral veins at a wide angle, and by the occurrence of 
marginal sori. Although no sporangia can be recognised, I have little doubt as to 
the close relationship of this and similar pinnules to recent Marattiaceous ferns. The 
sterile fragment represented in fig. 28 probably belongs to the same species: the 
lateral veins are obscure, though it is clear that they were more numerous than in 
the pinnules of such a species as Cladophlebis denticulata, from which they differ also 
in the thinner lamina, which in most of the few examples met with is more or less torn. 
It is unfortunate that the material on which this species is founded is not more 
satisfactory, but despite the imperfection of the specimens I venture to regard the 
pinnules as those of a Marattiaceous fern probably distinct from species hitherto 
recorded. The well-known Rheetic species M. Muensteri (Goepp.) and Angiopteridium 
californicum Font. from the Jurassic flora of Oregon bear a resemblance to the 
smaller Culgower type. § 


7. Ferns of Uncertain Affinity. 
CLADOPHLEBIS, Brongniart. 
Cladophlebis sp. cf. C. hacburnensis (Lind. and Hutt.). (Fig. 30, Pl. II.) 


In a few of the numerous specimens of Cladophlebis the pinnules are more crowded 
on the pinne than is usual in C. denticulata, and differ in their straighter form and in 
the repeated dichotomy of the secondary veins. One of these is shown in fig. 30, Pl. IL. 
This form agrees very closely with that described by LinpLey and Hurron as Pecopteris 
huiburnensis || from the Inferior Oolite of East Yorkshire. This species is recorded 
also from Jurassic beds in Turkestan,{] and by Fontaine ** from Jurassic beds in Oregon. 


* Hartz (96). + Yokoyama (94). { Spwarp (07). § Warp (00), pl. lv. 
|| LinpLey and Hurron (36), pl. clxxxvii. “| Szwarp (07), pl. vi. ** WARD (05). 
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A very similar, if not identical type, is figured by Hrer from Jurassic rocks in the 
Amur district as Aspleniwm spectabile.* Specimens figured by BartuHotint and by 
Mouter { from Bornholm as C. nebbensis also agree closely with the Culgower fossil. 


Cladophlebis sp. cf. C. distans (Heer). (Photo. 16, Pl. VII.) 


In this specimen the pinnules are very similar to those seen in fig. 30, Pl. II., but 
the lamina is slightly narrower and the veins are once forked as in C. denticulata. 
This specimen may be identical with HExEr’s Siberian Jurassic type Aspleniwm distans.§ 
The same form is recorded also by Dawson || from the Lower Cretaceous of the Rocky 
Mountains of Canada and by Scuenk { from Jurassic rocks in China as Asplenvwm 
distans and A. argutulum Heer respectively. 


Cladophlebis sp. (Pl. IIL. fig. 47.) 


This imperfectly preserved distal portion of a frond or large pinna bears a fairly 
close resemblance to the specimens which I have included in Coniopteris arguta, but 
the evidence for describing it under that species is hardly sufficient. In the upper 
branches of the rachis the lamina is crenulate, while in the lower pinne the lobes of 
the lamina are replaced by small pinnules. 


RuizoMoptTerRis, Schimper. 
Rhizomopteris Gunnt sp. nov. (PI. II. fig. 40; Pl. IIL. figs. 41, 414A.) 


Fig. 40, Pl. IL, shows part of a trailing rhizome of a fern similar to that of Davallia, 
Dipteris, and many other recent ferns. The portion of the specimen preserved as a solid 
rod shows the stumps of three petioles, and, towards the lower surface, the small scars of 
adventitious roots. The anatomical examination of this fragrant has been only partially 
successful, owing to the imperfection of the preservation of the tissues and to the difh- 
culty of obtaining sections. The diagrammatic sketch of a transverse section (6 x 4 mm.) 
reproduced in fig. 41, Pl. IIJ., illustrates the general features. The greater part of the 
section consists of thick-walled tissue composed of cells fairly uniform in size, A, B; the 
outer region, A, is clearly cortical (ground-tissue), but the nature of the central region, 
B, is less easy to determine. My first impression was that the axial tissue consisted of 
xylem surrounded by a black band of partially disorganised phloem and pericycle, S. 
More thorough examination, however, leads me to describe the axial tissue, B, as ground- 
tissue enclosed by a ring of crushed and very imperfectly preserved vascular tissue, S. 
I regard the rhizome as solenostelic : the stele, S, S, fig. 41A, shows but little structure, 
but here and there one sees a few large elements, which probably represent xylem 
tracheids, and groups of small cells, presumably phloem or pericycle elements. The 
appearance of the central tissue, B, is seen to correspond exactly with that of the patch 


* HEER (77), pl. xxi. + BaRTHOLIN (92), pl. vii. { Monier (02), pl. iii. 
§ Heer (77), pl. xix. || Dawson (85), pl. ili. 7 ScHENK (88), pl. xlvi. 
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of ground-tissue (cortex) shown at A’. In spite of the unsatisfactory condition of the 
specimen, I feel little doubt as to the solenostelic structure of the stem. Attempts * to 
obtain a longitudinal section were unsuccessful, nor was it possible to cut a transverse 
section through the base of a petiole, which would probably have shown the solenostele 
interrupted by the departure of the leaf-trace. 

The type of stele which I believe to be illustrated by the Culgower rhizome, namely 
a hollow cylinder or solenostele, is met with in several genera of recent ferns, notably 
in the genus Dipteris. The resemblance to this fern is especially significant in view of 
the abundance of Hausmannia leaves in the same rocks, a Mesozoic genus which is 
almost certainly very closely related to recent species of Dipteris. The habit of 
Hausmannia rhizomes as described by Ricutert agrees with that of the fossil stem, and 
both resemble closely the rhizome of Dipteris. A transverse section of a rhizome of 
Dipteris bears a striking resemblance to that of the Culgower specimen in the structure 
of the cortical and axial ground-tissue and, making allowance for contraction of the 
vascular tissue previous to petrifaction, the form and size of the stele are very similar. 
While recognising the necessity of describing Rhizomopteris Gunni as a rhizome of 
uncertain position, I am inclined to regard it as belonging to one of the species of 
Hausmannia. 


SPHENOPTERIS, Brongniart. 


Sphenopteris onychiopsoides sp. nov. (PI. I. figs. 22-24A ; Pl. VI. photo. 10.) 
1871. Pecopteris Geinitzii, Schenk, Palzxontographica, Bd. xix. p. 215, pl. xxix. figs. 2, 2a. 


The fragmentary specimens on which this species is founded were at first sight con- 
sidered to be identical with Onychiopsis Mantelli (Brongn.), a characteristic Wealden 
fern, but a closer examination revealed certain differences which convinced me that the 
resemblance is only superficial. The best specimen is that reproduced in Photo. 10, PL 
VI.; a comparatively slender rachis gives off several linear pinnze bearing narrow oval 
segments terminating in a lanceolate or rather blunt apex. The longest pinna, 2°8 cm., 
tapers very gradually to an acuminate distal end; the veins are not visible. Fig. 22, 
Pl. II., shows the apex of a similar frond in which the linear pinne pass into simple 
apical segments. The obscure example represented in fig. 23 is especially close to 
Onychiopsis in appearance, but it is probably a badly preserved piece of a frond of the 
same species as fig. 22. The piece of pinna shown in figs. 24, 24A illustrates the uniform 
breadth of the branches of the rachis, as also the basal constriction of the pinnules, which 
are more acutely terminated in this specimen than in that shown in figs. 22, 22A. 

Sphenopteris onychiopsoides is characterised by the elongated narrow pinne, by the 
oval, basally constricted, ultimate segments continuous with one another on the edge 
of the axis. The venation, which is seldom preserved, consists of a midrib giving off 

* The whole of the small piece of stem was destroyed in abortive attempts to obtain sections. Only two com- 


plete (transverse) sections were made. 
+ RicHTER (06). 
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a few highly inclined secondary veins. In Onychiopsis Mantelli the pinne have a 
serrate lamina or, in the more deeply dissected pinne, the ultimate segments are longer 
and relatively narrower than in the Culgower specimens. Good examples of O. Mantelli, 
which LesteR Warp speaks of as Onychiopsis psilotoides (Stokes and WeEBB*) in 
accordance with strict adherence to priority, are figured by ScHENK,t VELENOvSKY,| 
and Herr § from Wealden localities in Germany, Bohemia, and Portugal, and by myself 
from the Wealden of England, || also by GryLEr and Yokoyama from Japan; the same 
type is described also from South Africa.{1 Some specimens referred to Saporta’s genus 
Scleropteris bear a fairly close resemblance to Sphenopteris onychiopsoides, but in such 
a type as Scleroptervs Pomeli** the habit is much more rigid. Comparison may also 
be made with Scleropteris virginiana Font.tt from the Potomac of Virginia and with 
S. distantifolia described by the same author from the Black Hills of Dakota.{{ Similar 
fern fronds are figured by Herr, Yokoyama, and other authors as species of Dicksonia, 
but as a rule without adequate evidence in favour of the use of the generic name 
Dicksonia: D. gracilis Heer, §§ from Siberia and Japan, especially resembles the 
Culgower plant. A fragment figured by NatHorst as Sphenopteris sp. |||| from the 
Upper Jurassic of Spitzbergen may be compared with S. onychiopsoides. In the first 
volume of my Wealden Flora it was suggested that Pecopteris Geinitz,14 as figured by 
ScHENK from the Wealden of North Germany, might be identical with the plant which 
I called Nathorstia valdensis and afterwards changed to Leckenbya valdensis on account 
of the previous use of the genus Nathorstia.*** A more recent examination of the 
Specimens convinces me that this comparison is incorrect. SCHENK’S specimen is, I 
believe, identical with the Culgower species, but as the specific name Greinitz has 
already been used in connection with Sphenopteris the new name onychiopsoides is 
adopted. The non-committal name Sphenopteris is preferred to Onychiopsis, as 
we have no evidence as to the nature of the fertile pinnules of the Scotch fern. 


TANIOPTERIS, Brongniart. 
Tenmopteris sp. (Pl. Il. figs. 39, 39A.) 


The genus Tzeniopteris is represented by a solitary specimen in the Culgower flora 
which is too incomplete to be assigned to a species. The fragment shows part of one 
side of a lamina characterised by curved oblique veins forked at the base and in other 
parts of their course (fig. 39A, Pl. II). In the Jurassic 7. vittata Brongn. the veins 
are more crowded and pursue a more direct course to the edge of the lamina. 
Specimens figured by Yoxoyama as 7. cf. Richthofenit Schenk ttt from Japan bear a 
close resemblance to that shown in fig. 39. 


* Warp (05). + ScHENK (71) { VELENOvSKY (88). 

§ Heer (81). || SEwaRD (94) ; see referenees to literature, p. 41. “| SEwarp (03). 
** Saporta (78), pl. xlvii. tt Fontaine (89), pl. xxviii. tt Warp (99). 
§§ Hemp (77) (78). |||| NavHorsr (97), p. 49. 74 SEwarD (94), p. 145, 


*** SEWARD (95), p. 225. +tt Yoroyama (89), pl. iii. 
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APHLEBIA, Pres]. 


Aphlebia sp. (Text-fig. 6.) 


The incomplete specimen represented in text-fig. 6 1s the impression of a com- 
paratively thick organ characterised by a stouter median portion and a torn or irregularly 
lobed margin. The general appearance of the fossil suggests a strong fibrous scale 
with several vascular bundles curving upwards and outwards from the median line. It 
is impossible to speak with much confidence as to the nature of this specimen, but it 
may be part of an Aphlebia leaf or stipule-like organ, possibly of a fern. It resembles 


Trxt-Fic. 6.—Aphlebia sp. (nat. size). (Gunn collection. ) 


to some extent the scale-like impressions described from the Wealden of England * 
and South Africat as Cycadolepis, but on the whole the resemblance to the fleshy 
stipules of the recent fern Angiopteris evecta is closer than toa scale from a Cycadean stem. 


RacuHises oF Fern FRonNpDs. 


“The Gunn collection contains several impressions of branched rachises which in the 
absence of pinnules cannot be determined with certainty. One of the larger specimens 
shows a flat rachis 24 cm. long, with a uniform breadth of 1 em., giving off a few pinnae 
almost at right angles. This may be part of a large frond of Cladophlebis denticulata. 


Spiropteris sp. (Pl. I. fig. 19A.) 
of 


The spirally coiled rachis shown in fig. 19A, Pl. 1, may be a young frond of 


Gleichenites, but no pinnules are visible. 


* SEWARD (94), + SEWARD (03). 
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Filicineee or Pteridosperme (?). 
THINNFELDIA, Ettingshausen. 


The determination of the numerous fragmentary specimens dealt with under this 
genus is a difficult task in view of the lack of large examples, which would enable one 
to determine the range of variation as regards the shape and size of the ultimate 
segments on a single frond. The more complete specimens figured by FEISTMANTEL 
from Australia* show that Thinnfeldia leaves reached a considerable size and 
demonstrate the small value of the size of the pinnules as a specific criterion. 
Thinnfeldia is a genus of which our knowledge is very incomplete, and no little confusion 
has been caused by the use of such generic names as Lomatopteris, Cycadopteris, 
and other designations for fronds which exhibit a close agreement in habit and texture. 


Thinnfeldia rhombordalis, Ett. (Pl. IV. figs. 66, 70, 70A, 72; PI. V. 
figs. 82, 83, 883A; Pl. VII. photo. 21.) 
1852. Thinnfeldia rhomboidalis, Ettingshausen, Abh. k.k. geol. Reichs., Bd. i., Abt. 3, p. 2, pl. i. 
figs. 4-7. 
1853. Penecn Thinnfeldi, Andrae, ibid., Bd. ii., Abt. 4, p. 43, pl. x1. fig. 6; pl. xii. figs. 7, 9. 

The imperfectly preserved specimen represented in fig. 66, Pl. IV., which appears 
to be identical with some of the Lias specimens on which ErrinesHausen founded the 
species, illustrates a considerable difference in the size of the pinnules on a single axis. 
The pinnules of this type are characterised by the decurrent lower margin and by the 
narrow and usually fairly deep sinus between the upper portion of the base of the 
lamina and the axis of the pinna or rachis. The venation is very indistinct, but a 
midrib can be seen in some of the segments giving off acute secondary veins. 

The small piece of a pinna shown in fig. 70 bears pinnules of the form of the upper 
segments seen in fig. 66. Fig. 70A shows a slightly narrower and longer pinnule with 
a distinct midrib and the same sudden curve of the upper edge of the lamina. ‘This is 
precisely like a fragment figured by Motier from the Lower Jurassic of Bornholm 
as T. rhomboidalis.t| The large specimen represented in fig. 83, Pl. V., has a strong 
axis bearing several incomplete pinnules which differ in their greater length and more 
linear form from those shown in fig. 66, Pl. IV. : this difference is probably well within 
the range of variation met with in the fronds of the same plant. The venation is 
much more clearly preserved in the fragment (slightly enlarged) in fig. 83 A. With 
this species | associate a specimen with smaller pinnules, a portion of which is represented 
in fig. 82, Pl. V.; the habit is bi-pinnate, the ultimate segments agree in shape and 
manner of attachment with those seen in figs. 66, 70, 70A, Pl. IV. This example 
agrees closely with a small Rheetic form figured by Scuenk{ as 7. rhomboidalis, and 


* FristmMantEL (90), pls. xxiv., xxv. + Ménuer (02), pl. ii fig. 18. { Scuenk (67), pl. xxvii. fig. 6. 
TRANS. ROY. SOC. EDIN., VOL, XLVII, PART IV. (NO. 23). 100 
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with Moiuer’s Bornholm species described as Cycadopteris heterophylla* Zig., a 
species which he regards as identical with Lomatopteris yurensis of Kurr. It may be 
compared also with Pecopteris Schénlevmani Brongn. described by Szasnocnat from 
the Argentine Rhetic, and with Pachypteris ovata Brongn. figured by Saporta.{ 

The pinnules shown in the photo. 21, Pl. VII., are of the 7. rhomboidalis type, but 
are much more highly inclined to the pinna axis. The specimen represented in fig. 72, _ 
Pl. IV., though possibly a distinct species, is included under 7. rhomboidalis because 
of its close resemblance to the smaller fragment shown in fig. 70A, Pl. [V., which forms 
a connecting link with the larger example represented in fig. 66. Fig. 72 presents a 
close agreement with Lomatopteris Schimperi as figured by SaLFELD§ from the Jurassic 
of Germany, a species founded by ScuEenK on Wealden fronds; the resemblance 
probably does not amount to specific identity. 

Rheetic examples of Thinnfeldia from South America (Cacheuta), for which I am 
indebted to Dr Kurtz, appear to be identical with the larger Culgower specimens; 
similarly the Rheetic specimens described by ScuENK from Franconia, and by myself 
from South Africa as 7. rhomboidalis, cannot be distinguished satisfactorily from 
the Scotch examples. It would seem that this type of Thinnfeldia had a wide range 
in time, persisting from the Rheetic|| and Liassic‘l to the latter part of the Jurassic 
era. A very similar type is represented by 7. indica Feist.** recorded from India, 
Australia, and elsewhere. 

In the case of small specimens such as that shown in fig. 82, PI. V., it is practically 
impossible to decide between Dichopteris or Pachypteris and Thinnfeldia as the more 
appropriate generic name; the specimens referred to bear a close resemblance to the 
fragment figured from the English Wealden as Dichopteris sp.,tt and may be compared 
also with a Lower Cretaceous species described by Kerner {{ from the island of Lesina. 


Thinnfeldia sp. (Text-fig. 7, A-C.) 

Text-fig. 7, A, shows the outline of a small piece of a Thinnfeldia leaf detached from 
the shale as a cuticular film and treated with nitric acid and chlorate of potash. The 
specimen, 1°5 cm. long, agrees in habit and may be specifically identical with that 
shown in fig. 72, Pl. IV. It may be compared also with Pachypteris brevipinnata 
Feist. from Jurassic beds of India.{§ The broad rachis is covered with a layer of 
elongated cells as shown in fig. 7, C, and cells of the same type occur over the central 
veins of each leaflet. The cell walls are thick and, at first sight, appear to be slightly 
sinuous, but this is no doubt due to an unequal swelling of the membrane. ‘The epi- 
dermis of the pinnules, with the exception of a median strip, consists of polygonal cells 
with straight walls. There are no indications of any lateral veins. The stomata, 


* MOLLER (02), pl. ii. + Szasnocua (88), pl. xxvii. { Saporta (73), pl. xlvi. 
§ SALFELD (09), pl. vi. || ScHENK (67), pl. xvii. “| Sewarp (04), pl. iv. 
** FEISTMANTEL (80), pls. xxxix., xl. tt Spwarp (94), pl. xii. fig. 6. 
tt Kerner (95), §§ FEIstMANTEL (80), pls. 1i1., iv. 
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which are fairly numerous, are surrounded by a ring of flatter cells (fig. 7, B); the actual 
form of the guard-cells is not seen, but a hole in the film represents the external 
‘stomatal pore. Drawings like that in fig. 7, B, have been published by ScuEnK.* 


TrExt-Fic. 7.—Thinnfeldia sp. 


ab, Actual size of the fragment enlarged in fig. A. 
B. Stomata from one of the leaflets, 
C. Outline of cells from the rachis. (Gunn collection.) 


Thinnfeldia arctica Heer. (PI. II. figs. 37, 37A; Pl. IV. fig. 68.) 
1875. Heer, Flor. Foss. Arct., vol. iii, 2, p. 123, pl. xxxv. figs. 11-16, pl. xxxvi. fig. 100. 


minated segments are rather more crowded than in 7. rhomboidalis. The same 
pe with more distinct venation is represented in figs. 37, 37A, Pl. II. This fragment 
$ a superficial resemblance to Cladophlebis, but in Thinnfeldia the secondary veins 
given off at a more acute angle ; moreover, the lamina is often easily detachable from 
matrix, which may denote a more strongly cuticularised epidermis. These specimens 

e closely with Her’s type-specimens from the Upper Jurassic of Spitzbergen { 


* ScHENK (67), pl. xxvii. + Heer (75), pls. xxxv., XXXvi. { Naruorst (97), pl. i. figs. 23, 24. 
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Thinnfeldia de Geert (Nathorst). (Pl. V. fig. 80.) 


1897. ? Sphenopteris de Geri, Nathorst, Kongl. Svensk. Vet. Akad. Hand., Bd. xxx., No. 1, p. 48, 
pl. ii. fig. 8, pl. vi. fig. 1. 


The imperfect leaflet represented in fig. 80, though too small to determine with 
confidence, bears so close a resemblance to the specimens described by Naruorst from 
the Upper Jurassic of Spitzbergen that I venture to adopt his name, with the substitu- 
tion of Thinnfeldia for Sphenopteris. A similar type is figured by Kerner from the 
Lower Cretaceous of Lesina as Pachypteris dimorpha.* 


Thinnfeldia sp. (Photo. 14, Pl. VII.) 


The branched axis represented in Pl. VII. fig. 14 probably belongs to a Thinnfeldia 
frond; it shows the characteristic V-shaped form of branching which is a feature of 
the genus. 


DicuoprTeris, Zigno. 


Dichopteris Pomelu (Saporta). (Pl. IIL. figs. 55,55 A; Pl. IV. fig. 71.) 
1873. Scleropteris Pomelw, Saporta, Pal. Frang. Jurass, Flor., i. p. 370, pls. xlvi., xlvii. 


The fragment shown in fig. 71, Pl. IV., considered by itself might well be regarded | 
as specifically identical with fig. 82, Pl. V. (7. rhomboidalis), but in another specimen — 
pinnules of the same size are borne on short pinne attached at an acute angle toa — 
piece of rachis. More important evidence is afforded by the specimen shown in fig. 55, : 
Pl. IIL, in which we have a strong rachis bearing portions of pinne with bluntly | 
terminated pinnules like those in fig. 71. No veins are visible. The genus Scleropteris 
was founded by Saporta on French Jurassic specimens characterised by a rigid 
coriaceous habit, bearing pinnules more or less contracted at the base and usually 
showing no venation. Under this name he included some species previously referred 
to Dichopteris and Pachypteris, but, as I have elsewhere + stated, the reasons for the 
creation of an additional genus do not appear to be adequate. There can be little — 
doubt that fronds described by authors under Dichopteris are very closely related to — 
Thinnfeldia, but Zr@No’s genus may be conveniently retained for such smaller forms as 
Scleropteris Pomel Sap. The specimen shown in fig. 55, though imperfectly pre- 
served, agrees so closely with Saporra’s species from the Corallian of France, that I 
have adopted his specific designation. ; 


? Dichopteris sp. (Text-fig. 8, A, B.) 
The fragment represented in fig. 8, A, may be specifically identical with D. Pomelu, 


venation is clearly shown; a few secondary veins arise at an acute angle from a 
slender midrib. 
* KERNER (95), pl. iii. + Smwarp (10), p. 552. 
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Trext-Fic. 8.—? Dichopteris sp. 
A. Natural size. 
B. Leaflet enlarged, showing venation. (Peach collection, 52,659¢.) 


Il. GYMNOSPERM/.. 
A. GINKGOALES. 


The only two specimens found in the collections from the north of Brora referable 
to this group of Gymnosperms are the leaves shown in text-fig. 9, A and B. The 
genus Ginkgo is recorded by Miss Stropzs from the older beds south of Brora.* 


I 


A. B. 
TExt-Fie. 9. 


A. Ginkgo sibirica, Heer (nat. size). (Arber collection, 553.) 
B, Baiera Brauniana (Dunker) (nat. size), showing the veins in an enlarged piece of one of the linear segments. 
(Gunn collection.) 
The considerable range in the degree of subdivision of the lamina of the leaves of 
the recent Ginkgo biloba and the numerous forms of Baiera and Ginkgo from Mesozoic 
strata render satisfactory specific diagnosis impossible. 


Ginkeo, Kaempfer. 
Ginkgo sibvrica Heer. (Text-fig. 9, A.) 
1876. Ginkgo sibirica, Heer, Flor. Foss. Arct., vol. iv., 2, p. 61, pls. vii., ix., ete. 

The imperfect leaf represented in fig. 9, A, collected at Gartymore by Mr Arzkrr, is 
characterised by a lamina deeply dissected into blunt segments with about eight veins in a 
breadth of 8mm. It resembles numerous leaves of Jurassic age referred to different 
species of Ginkgo and Baiera, and is similar to B. multipartita Schimp., which was first 


* Stopus (07). 
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described by Dunxer* from Wealden rocks as Cyclopteris digitata, but in the German 
specimens the segments are rather broader. The two species G. seburica and G. lepida 
Heer represent the same type as the Gartymore plant. G‘. sebirica is a widely spread 
species ; it is recorded by Fontaine from Jurassic strata of Oregon,t by Newton and 
TEAL from Franz Josef Land,t by Dawson from the Lower Cretaceous of Canada,§ 
and by myself from Jurassic beds in Turkestan,|| also by other authors from various 
regions. The specimens described by Yokoyama as G. cf. lepida‘l from Japan are 
probably identical with G. svburica; a similar type is represented also by the same 
author’s G. flabellata** from the Jurassic of China. Ginkgo Schmidtiana var. 
parvifolia tt figured by Krasser from China is another example of a similar or possibly 
identical type. 


- Barera, Braun. 
Bouera Braunvana (Dunker). (Text-fig. 9, B.) 
1846. Jeanpaulia Brauniana, Dunker, Wealdenbildung, p. 11, pl. v. fig. 4. 
1849. Batera Brauniana, Brongniart, Tableau, p. 107. 

The imperfect leaf represented in text-fig. 9, B, bears a close resemblance to the 
Wealden species Barera Brauniana as figured by DunKER and by Scuenx{{ from 
Germany. One of DunxKeEr’s specimens referred by him to this species is no doubt a 
badly preserved piece of a deeply lobed Hausmannia. In the Culgower fragment the 
narrow linear segments have more than one vein, as seen in the enlargement, and are 
certainly not the divisions of a Hausmannia leaf. Narnorst’s fossil from the Upper 
Jurassic of Spitzbergen, B. spetsbergensis,§§ in which the venation is not seen, represents 
a similar form with rather narrower segments. It is possible that Bunpury’s species 
B. gracilis |\\| from the Inferior Oolite of Yorkshire may be identical with the Culgower 
type, but in his species the leaves are usually broader and more spreading. The plant 
figured by HrEras B. angustifolia 7 from the Jurassic of Siberia and the Chinese Jurassic 
specimens referred by ScHENnK to HeExEr’s species are probably identical with B. gracilis, 
as also KrassEr’s specimens which he refers to Ginkgo lepida.*** Hnxr’s Ginkgo 
concinna ttt from Siberia is a closely allied type, and the Rheetic species described 
by Zertiter from Tonkin as B. Guilhaumatit{t is hardly distinguishable from the — 
Sutherland leaf. 


Ginkgoales (?). 
Baiera Lindleyana (Schimper). (Pl. V. fig. 105.) 


The fragment represented in fig. 105 is too imperfect to determine with any degree 
of confidence. It agrees very closely with the type-specimen of Bazera mucrophylla 


* Dunxer (46), pl. i. fig. 8. + Warp (05), pl. xxxiii. { Newton and Txatt (97), pl. XXxviii. 
§ Dawson (85), pl. ii. || SpewarD (07), pl. vii. “| Yokoyama (89), pl. xiv. 
** YOKOYAMA (06), pl. vii. tt KRrassER (05), pl. ii. fig. 5. tt ScEnk (71), pl. xxiv. 
§§ NarHorst (97), pl. iii. |||| Buwsury (51), pl. xii. ; see also Sewarp (00), p. 263. 
I Heer (78), pl. vii. *** KRASSER (05). 


ttt Heer (77), pls. vii., xiii. ttt Zerier (03), p. 205. 
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of Puituips* from the Jurassic of Yorkshire, which is regarded as a synonym of 
B. Lindleyana (Schimp.) and of Solenites furcata of Linptny and Hutton. ‘The same 
type is described by Savorta as Trichopitys Lindleyana.t 


CZEKANOWSKIA, Heer. 


The genus Czekanowskia is usually placed in the Ginkgoales, but Professor JEFFREY { 
has recently founded a new genus, Araucariopitys, on petrified branches, characterised by 
Araucarian features, which occur in association with fascicles of Czekanowskia leaves in 
Cretaceous beds in Staten Island. It is possible, therefore, that JErrREY may be correct 
in forecasting the probable removal of HrrEr’s genus from the Ginkgoales ; it is at least 
certain that we have no convincing evidence in favour of the customary inclusion of 
Czekanowskia in the Ginkgoales. 


Czekanowskia Murrayana (Lindley and Hutton). (PI. V. fig. 103.) 
1834. Solenites Murrayana, Lindley and Hutton, Foss. Flor. Gt. Britain, vol. i1., pl. exxi. 


The imperfectly preserved specimen seen in fig. 103, Pl. V., consists of a few ragged 
filiform leaves identical with those of the widely distributed species Czekanowskia 
Murrayana (L. & H.) and C. rigida Heer. These two names have been applied to 
examples of the genus, which I believe to be indistinguishable, collected from Jurassic 
rocks in various parts of the world.§ 


Puanicopsis Heer. 
Phencopsis Gunni sp. nov. (Pl. IX. photo. 35.) 


The generic name Pheenicopsis stands for parallel-veined leaves borne in clusters on 
short shoots and enclosed at the base by small bracts. The author of the genus compared 
it with Ginkgo, Baiera, and Czekanowskia and placed it with these genera in the 
Taxinez, or, in modern parlance, in the Ginkgoales. Soums-Lavusacu,|| who examined 
_ petrified specimens of Phcenicopsis leaves from Franz Josef Land, found that their 
structure is consistent with a Gymnospermous affinity ; but we are still in ignorance of 
the precise position of the genus. Satretp{ has recently instituted a new genus, 
Phyllotenia, for specimens from the Corallian of Germany, which he includes in the 
Ginkgoales because of the associated Ginkgo-like seeds. In his type-specimen, 
P. longifolia, the leaves appear to be arranged spirally on a stout axis and not in 
clusters, but the evidence he adduces suggests doubts as to the necessity for the 
creation of an additional genus. Some of Herr’s figures of Siberian Jurassic examples 
of Phenicopsis angustifolia ** show clusters of leaves attached to an axis and resemble 
the fossil figured by Satreup, though the correspondence may be only superficial. 

The specimen represented in the photograph shows portions of seven leaves con- 


* SEWARD (00), p. 266. + Saporra (84), pl. clv. {t Jerrrey (07). § SEWARD (00), p. 279. 
|| Soums-LauBacu (04). ‘J SALFELD (09), p. 26. ** TEER (78), pl. vii. 
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verging toward a common base; no basal bracts are visible, but there is a distinct 
depression in the shale which may indicate the position of the enveloping bracts. The 
leaves gradually taper towards the apex: the actual termination is seen in one 
leaf only and has a rounded contour. The lamina is about 3-4 mm. broad and 12 em. 
long, and there appear to be approximately eight veins in a leaf 4 mm. wide, in addition to 
traces of interstitial veins. The species of Phcenicopsis nearest to the Culgower type is 
P. angustifolia Heer, recorded from the Jurassic of Siberia, from China by KrassEr,* 
by Narnorst ¢ from the New Siberian Islands, and by myself from Turkestan.{ Hzzr’s 
species P. speciosa is another similar type.§ P. Gunna differs from P. angustefolia in 
the rather narrower leaves and the presence of interstitial veins. 


B. CONIFERALES. 
1. Araucariine. 
ARAUCARITES, Presl. 
Araucarites Milleri sp. nov. (PI. V. figs. 97, 98, 102.) 


Despite the imperfection of the material, I venture to refer the Araucarian cone- 
scales shown in figs. 97, 98, 102 to a new species, A. Miller, named after Hucr 
Miter, who recognised many years ago the presence in the Sutherland beds of Conifers 
agreeing in the habit of the foliage-shoots with recent species of Araucaria. The cone- 
scales are characterised by a broad membranous wing, the presence of a distal spinous — 
process and a single seed-cavity. They have the same form as those of Araucaria 
excelsa and other species of the Kutacta division of the genus. Fig. 98, Pl. V., represents 
one of the largest and best-preserved examples, 3 cm. long, with a rounded and some- 
what ragged distal border prolonged into a terminal spine. The actual base of the 
scale is not preserved. A shallow depression shows the shape of the seed, the vascular 
supply of which (or possibly the resin-canals accompanying the vascular strands) 
is represented by several yellow lines converging slightly towards the base and giving 
off branches into the adjacent parts of the scale. Fig. 102 shows the distal spine in a — 
more complete form, and fig. 97 represents a smaller scale with strands on the floor of — 
the seed-cavity. 

Among the numerous examples of Araucarian cone-scales described from Jurassic and 
Lower Cretaceous rocks there are none which are undoubtedly identical with the present — 
species, though several exhibit a close resemblance. From the Jurassic of England we 
have Araucarites Phillipsi Carr., A. Brodw Carr., A. spherocarpa Carr., as examples 
of similar scales.|| Other allied types are A. cutchensis Feist.‘| from India and the 
Antaretic regions,** Araucarites sp. from the Jurassic of Germany,tt A. wyomingensis 


* KRaAsSER (05), pl. 1ii. fig. 2. + Naruorst (07), { Sewarp (07). 5" 
§ Heer (77), pl. xxx. || SewarRp (00), pp. 285, etc. ; (04), pl. iii. | FEIstMANTEL (80), pl. viii. — 
** Natuorst ((4). tt SALFELD (09), pl. iv. fig. 7; Saurep (07), pl. xxi. ; 
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Ward from the Lower Cretaceous of Dakota,* A. Jeffrey: Berry + from the Cretaceous 
of Carolina, and A. Kalsani Sap.{ from the Kimeridgian of France. 


ConIFEROUS Woop. 


The petrified wood, which MILLER speaks of in The Testimony of the Rocks as very 
abundant on the beach at Helmsdale, may still be picked up in quantity. Most of the 
material is in a poor state of preservation, but in some pieces the anatomical characters 
were found to be sufficiently clear to admit of identification, at least as regards generic 
affinity. My intention is to describe in detail one or two of the best specimens in a 
subsequent paper. 

ARAUCARIOXYLON, Kraus. 
Araucarioxylon sp. 


While deferring a description of the material until a later date, | may mention the 
discovery of Araucarian characters in two different pieces of Helmsdale wood; one of 
these is in the Gunn collection, and the other was sent to me for examination by Dr 
Horne from the collection of the Scottish Geological Survey. In both these specimens, 
which appear to be specifically distinct, the tracheids are characterised by contiguous and 
frequently flattened bordered pits on their radial walls in single, double, and treble rows. 
It is highly probable that both Elatides and Brachyphyllum shoots possessed wood of 
the Araucarian type, and some at least of the Helmsdale specimens may be petrified 
branches of these Conifers. 


? Araucariine. 


BracHyPHYLLUM, Brongniart. 
Brachyphyllum sp. (Pl. 1X. fig. 39.) 


The genus Brachyphyllum is represented in the Gunn collection by a few obscure 
pieces of vegetative branches; one of these is shown in photo. 39. The outlines of 
triangular scale-leaves are fairly distinct. A larger and better preserved specimen is 
figured by Hucu Miter in fig. 149 of The Testimony of the Rocks as an “imbricated 
stem.” In that specimen some of the broadly triangular leaves are well preserved and 
are characterised by longitudinal striations on the thick lamina. Transverse sections 
of the branch, which is partially petrified, throw no light on the arrangement of the 
pits on the tracheid walls. 

Jerrrey and Hotrick§ have recently contributed valuable information in regard 
to the Araucarian affinity of a Cretaceous species, B. macrocarpum Newb. from the 
Eastern States of America. The Culgower fragments agree closely in the form and 
size of the leaves with the English Wealden species B. spinvswm Sew..,|| but they afford 
no evidence-of the occurrence of spinous branches. ‘The species described from the 


* Warp (99), pl. clxxiil. + Berry (08). t Saporra (84), pl. lviii. 
§ Jerrrery and Hoxzick (09), pl. iv. || Sewarp (95), pl. xvii. 
TRANS. ROY. SOC. EDIN., VOL. XLVII. PART IV. (NO. 28). 10] 
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Wealden of Portugal by Heer as B. obesum™* and recognised in the Wealden flora of 
England agrees very closely with the Scotch specimens. Brachyphyllum crassicaule 
Font.+ from the Potomac beds is a very similar, if not identical, type. It is hopeless to 
attempt to determine with accuracy the numerous examples of Brachyphyllum branches 
which are widely spread in both Cretaceous and Jurassic floras. 


Exatipes, Heer. 


Elatides curvifolia (Dunker). (Pl. V. figs. 76, 77; Pl. VIIL photos. 22-25, 30; 
text-fig. 10, A, B.) 
1846. Lycopodites curvifolius, Dunker, Wealdenbildung, p. 20, pl. vii. fig. 9. 
1897. Elatides curvifolia, Nathorst, Kongl. Svensk. Vet. Akad. Hand., Bd. xxx., No. i., pls. i, ii. 

This Wealden species, originally figured by DuNKER as a species of Lycopodites, — 
transferred by ErrincsHavsEN to Araucarites, and placed by other authors in other | 
genera, has recently been included by Narsorsr in Heer’s genus Elatides.{ That 
genus was founded on coniferous shoots characterised by falcate leaves with a single 
vein and by oval or cylindrical cones composed of imbricate scales. This species is one 
of the most abundant in the Culgower flora. The habit is best seen in photo. 22, 
Pl. VIIIL.; the faleate, spirally disposed leaves are identical in form with those of 
Araucaria excelsa and other species of the genus. In photo. 23 the leaves are rather 
shorter, but the branch is clearly of the same type as the larger example shown in © 
photo. 22. A slightly different form is seen in photo. 30. As NatHorst shows in his 
description of the rich material from the Upper Jurassic of Spitzbergen, the foliage- 
shoots of this type exhibit a considerable range of variation in the size and form of the 
leaves. The cones are unfortunately represented by incomplete specimens, but these 
are not without interest. The fertile shoot seen in fig. 76, Pl. V., shows crowded 
imbricate scales composing an elongate-oval strobilus. On some of the scales, as at a, 
fig. 76, which is shown more clearly in text-fig. 10, B, and on the scales a and 6 of the 
example reproduced in text-fig. 10, A, there is some evidence of the occurrence of a single 
seed on the upper surface of the scales, a feature, if my interpretation is correct, which — 
supports the view naturally suggested by the habit of the vegetative shoots that this 
species is a member of the Araucarieze, a possibility recognised by Naruorst as by other 
authors. The scale shown in text-fig. 10, B,§ is very similar to those shown in figs. 97, 98, 
Pl. V., and there is a faint indication of a spinous process at the apex, as in the larger 
scales, which has been pressed down on to the upper face of the seminiferous scale. 
As, however, the evidence of Araucarian affinity afforded by the badly preserved scales is 
not conclusive, it would be premature to substitute the name Araucarites for Elatides. 

Hucu Mrtrer figured several specimens of this species and recognised their 
resemblance to recent Araucarias. In one of his specimens (fig. 130, C)|| the single 


* Humr (81), pl. xvii. figs. 1-4. + FonrTatne (89), pls. cxi., exii. { For synonymy, see NatHorst (97). 
§ The drawing reproduced in text-fig. 10, B, slightly exaggerates the surface-features, but I have endeavoured to 

indicate in the sketch the nature of the scale so far as it is possible to interpret the very imperfect specimen. 
|| Miner (57), p. 472. 


THE JURASSIC FLORA OF SUTHERLAND. 685 


leaf-bundle is seen very clearly passing from stem to leaf-lamina. It is not improbable 
that the fragmentary specimen shown in text-fig. 11, d, may be part of a male flower of 
this species ; similarly the small cone shown in fig. 77, Pl. V., may be compared with 
some male cones figured by Natuorst on a branch of Hlatides curvifolia. 


Cc 
Trext-Fic. 10. 
A. Part of a cone of Hlatides cwrvifolia (Dunk.). a, 6. Cone-scales with faint indication of seeds (nat. size), 
(Gunn collection.) 
B. Cone-scale with indistinct impression of a single seed. Slightly’enlarged and somewhat diagrammatically 
represented. (The cone from which the scale was drawn is shown in Pl. V. fig. 76.) (Gunn collection. ) 
C. % Podozamites sp. (Very slightly enlarged.) (Gunn collection.) 

The Jurassic species Pagiophyllum Williamson (Brongn.) represents a very closely 
allied type. ScHENK’s species Pagiophyllum crassifoliwm * is another similar form. As 
NatHorsr points out, some of Hemr’s Lower Cretaceous specimens described as Sequova 
Reichenbachit are examples of Elatides curvifolia, and specimens figured by ScHENK 
under Hzer’s designation from Lower Cretaceous rocks in the Tyrol{ cannot be 
distinguished from the Culgower and Spitzbergen fossils. It is probable that some of 
the specimens identified by me from the English Wealden as Sphenolepidium Stern- 


bergianum § are referable to Hlatides curvifolia. 


EHlatides Sternbergiana (Schenk). (Pl. V. figs. 75, 75A.) 


1846. Muscites Sternbergianus, Dunker, Wealdenbildung, p. 20, pl. vii. fig. 10. 
1871. Sphenolepis Sternbergiana, Schenk, Palzontographica, Bd. xix. p. 243, pl. xxxvii. figs. 3, 4, 
pl. xxxviii. figs, 3, 13. 
1895. Sphenolepidium Sternbergianum, Seward, Wealden Flora, vol. ii. p. 206, pl. xv. figs. 5, 6. 
It is by no means unlikely that under this specific name ScHENK has included more 


than one type ; similarly, some of the Wealden specimens described by EvrincsHavsEN as 


* ScHENK (71), pl. xl. + Her (75), pl. xxxvi. t Scumnx (762), pl. xxiv. § SEWARD (95), pl. xvi. 
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Araucarites curvifolius * may well be identical with Scuenk’s Sphenolepis Sternbergi- 
ana, while others are specifically identical with Elatides curvifolia. The specimens 
which I figured in the Wealden Flora as Sphenolepidium Sternbergianum differ in the 
longer and more scattered leaves from some of the examples referred by ScHENK to this 
species, and may be incorrectly included in his species. The specimen represented in 
fig. 75, Pl. V., while agreeing closely with Hlatides curvifolia in habit, differs in the 
shorter and rather more crowded leaves; it may, however, be specifically identical, 
though the occurrence of other specimens in the Miller collection (e.g. his fig. 130, E) 
and one in Mr Arser’s collection with still smaller leaves leads me to adopt a dis- — 
tinguishing specific name. 

The Jurassic plant described by Purttiies as Brachyphyllum setosumt and 
subsequently referred to the genus Cheirolepis{ is a similar type. Saureyp’s Pagio- 
phyllum densifolium§ and the Rheetic species Brachyphyllum Muenster figured by — 
ScHENK || from Franconia present a striking resemblance to Hlatides Sternbergiana : 
other comparable types are Sphenolepidium Choffati Sap. 1 from Portugal, Lycopodites 
tenellus of EicHwap,** and the Indian species Palissya conferta Feist.t+ These, and 
other references which could be given, afford illustrations of the abundance of coniferous — 
twigs of this general form and emphasise the confused state of nomenclature in 
palzeobotanical literature. 


2. Conifers of Uncertain Affinity. 


MASCULOSTROBUS, gen. nov. 


The provisional designation Conites serves a useful purpose in the case of larger 
cones, presumably of gymnospermous affinity, which cannot be referred with certainty to 
a particular genus of Conifers or Cycads; but in practice this genus is usually applied to’ 
strobili which bore seeds. It frequently happens that detached specimens of smaller 
strobili are met with which afford evidence, either by the presence of microspores or by 
their habit, of a microsporangial nature. It is for such strobili that I propose the 
designation Masculostrobus. , 


Masculostrobus Zeallert gen. et sp. nov. (Text-fig. 11, A, a—c.) 


The specimen represented somewhat diagrammatically in the text-figure consists of an 
axis, 13 em. long, which appears to be attached at the base to another branch. The 
preservation is very imperfect. Numerous small and frequently overlapping branchlets 
are borne on the larger stem, which seem to consist of a slender axis bearing numerous 
spirally disposed bracts or sporophylls broader at the lower end and vertical at the 
distal end. In one place (text-fig. 11, b) the bracts are seen to be triangular in form. 

* ETTINGSHAUSEN (52), + Purittps (75), p. 229. { Sewarp (00), p. 294. 


§ SALFELD (09), pl. v. || Scumnk (67), pl. xliii. “| Sarorta (94), p. 53. 
** KICHWALD (68), pl. iv. tt FurstManTEL (80), pl. viil. 
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A few oval spores were isolated, two of which are shown in fig. c; these are 30 and 
20m in size. 

This specimen is probably an inflorescence of male flowers of a Conifer. It bears a 
close resemblance to a plant described by ZuitteR from the Kimeridgian of Spain as 


A. 
Daxranie, Lilt 


A. Masculostrobus Zeilleri gen. et spec. noy. (nat, size). (Gunn collection.) 

a, b. Portions of A enlarged, showing the bracts in section (w) and surface-veins (0). 

c. Spores from specimen A, 

d. Masculostrobus sp., showing part of axis with bracts (nat. size). (Gunn collection.) 
e. Spores from specimen d, 


Pseudoasterophyllites Vidali,* but in that plant the slender leaves are borne in whorls 
and the shoot appears to be sterile. Some of the cone-bearing branches described by 
Fontaine as Athrotaxopsis grandis + from the Potomac beds agree with the Culgower 
specimen in the occurrence of scattered cones on a common shoot, but otherwise there 


* ZEILLER and VipAt (02), pl. ii. + FonraIne (89), pls. exiv., exvi. 
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is little in common between the two plants. In recent Conifers the male flowers some- 
times occur in the form of a long inflorescence, as in Podocarpus spicata, but in no 
recent type do we find a male inflorescence agreeing closely with the problematical fossil 
shown in text-fig. 11. 


Masculostrobus sp. (Text-fig. 11, d, e.) 


This specimen, as already pointed out, may belong to Hlatides curvifolia, though 
there is no proof of connection. It is a piece of a male flower bearing bracts similar to 
those in Masculostrobus Zealleri, but rather larger. ‘Two spores are seen in fig. 11, e, 
which in size (60 in diameter) agree approximately with the microspores of the recent 
species Araucaria imbricata. 


Taxites, Brongniart. 
Taaites Jeffrey: sp. nov. (PI. V. fig. 73.) 


The specimen from Kathie figured by MitiEr on page 473 (fig. 131, A) of The 
Testimony of the Rocks is probably specifically identical with the smaller specimen 
represented in fig. 73. The leaves are spirally disposed and of the Taxites type, using 
this designation in a wide sense and not as implying affinity only with the genus Taxus, 
The Hathie example is partially petrified: the axis, 25 mm. in diameter, has an 
eccentric pith of large cells surrounded by two rings of homogeneous wood. Unfortun- 
ately I have not been able to recognise any bordered pits on the tracheal walls; the 
anatomical features do not, therefore, enable me to determine the affinity of the species, 
The leaves, which are plano-convex in section, appear to have a single median vascular 
bundle ; the mesophyll shows no palisade cells, but there appear to be indications of 
secretory canals. I have called these specimens after Professor JEFFREY, whose 
researches have considerably increased our knowledge of the affinities of Mesozoic 
Conifers. The use of the generic name Torreya by Yokoyama” for a Japanese species 
of Taxites which closely resembles Taaites Jeffrey: is misleading, and is not supported 
by any satisfactory evidence of relationship to that genus.t 


Taxites sp. (Pl. V. fig. 74; text-fig. 12, A.) 


Accurate specific determination of such fragmentary specimens as those shown in 
text-fig. 12, A, and in fig. 74 is impossible. The larger specimen shown in the text- 
figure may be identical with Taaxites zamioides (Leck. ex Bean MS.).f} 


Taxites sp. cf: Taxites gramineus (Heer). (PI. V. figs. 90, 91, 104.) 


These fragments of linear leaves probably belong to the same species. The lamina 
reaches a maximum breadth of 4°5 mm., and one specimen (not figured) has a length of — 
4cm.; there is a distinct midrib, but no lateral veins; one specimen, fig. 90, shows some 


* Yokoyama (94), pl. xxii. 
+ Heer (75) refers similar specimens of coniferous twigs from the Lower Cretaceous of Greenland to the gent 
Torreya. { SEwaRD (00), p. 300, 
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indistinct transverse wrinklings. In describing leaves of this form Naruorsr has made 
use of the generic designation Pityophyllum, but he uses also the genus Taxites for 
leaves which do not appear to differ from those assigned to Pityophyllum in any features 
worthy of generic recognition. Though I have previously adopted the name Pityo- 
phyllum, I think it is preferable to use the name Taxites, employing it in a wide sense 
as embracing coniferous leaves of the form met with in Taxus, Cephalotaxus, Torreya, 
etc. ; the long and narrow form of leaves referred to Pityophyllum does not suggest 
affinity to recent species of Pinus or to the Abietinez generally. The Culgower 
specimens agree very closely with Prtyophyllum Staratschim (Heer)* figured by 
Naruorst from Spitzbergen, and with Naruorst’s species Prtyophyllum longifolia.t 
The leaves described by Narnorst from Upper Jurassic beds of Franz Josef Land as 
“cof. Taxites gramineus (Heer)” { appear to be indistinguishable from the Culgower 


Trext-Fic. 12. 


A, Taxites sp. (nat. size). (Gunn collection.) 
B, Williamsonia sp., terminating a branched axis (nat. size.) (Gunn collection.) 


fragments, though one might make use of such names as Taaites longifolius or Pityo- 
phyllum Staratschini with equal justification. The somewhat smaller and narrower 
leaves from the Wealden of Germany which Rormxr§ first described as Abies Linku, 
and DuNnKER || and ScHENK { subsequently described under RoEmsEr’s specific name, are 
very similar to the leaves which I refer to Taaites gramineus. 


SPHENOLEPIDIUM, Heer. 
Sphenolepidium sp. cf. Sphenolepidium Kurrianum (Dunk.). 
1857. Miller, Testimony of the Rocks, p. 472, fig. 130, A (“Conifer”). 


The piece of twig figured by Minter in his fig. 130, A, was at first taken for a pinna 
of Sphenopteris onychiopsis, but an examination of the actual specimen showed that 
the leaves are thick, more constricted basally than in the fern, and the lamina of the 
leaves is not continuous. This fragment, which I believe to be a Conifer, bears a very 
close resemblance to some of the specimens figured by ScHENK as Sphenolepis Kurriana, 
especially to his fig. 2, pl. xxxviii.,** which I have elsewhere t+ spoken of as Onychropsis 
Mantel. Though too imperfect to determine with certainty, the fossil figured by 
MILLER may be referred to DuNKER’s species. 

* Natuorst (97), pl. vi. + M6xEr (03), pl. vi. { Natnorst (99), pl. 11. 


§ RoEMER (89), pl. xvii. fig. 2. || DunxeErR (46), p. 18. {| ScHENK (71), p. 241. 
** ScHENK (71). tt SEWARD (95), p. 42. 
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CoNIFEROCAULON, Fiche. 


Coniferocaulon colymbexforme, Fliche. (Pl. IX. fig. 41.) 
1900. Fliche, Bull. Soc. Sci. Nancy, p. 5, figs. 1-3. 


Under this name Fricue described some casts from the Lower Cretaceous of France 
which he regarded as Araucarian stems. In describing similar specimens from the 
Uitenhage series (Wealden) of South Africa, I adopted the generic name Benstedtia,* 
a title first applied to some English Lower Cretaceous fossils.¢ The latter are larger 
than FLicur’s examples and, as I have elsewhere suggested, they may be cycadean, 
the smaller forms being probably coniferous. The impression shown in photo. 41, 
Pl. [X., collected by Mr Arper at Gartymore, is characterised by irregular transverse 
wrinklings on the carbonaceous surface, as in the type-specimen of FiicHEe and the 
South African casts. At the lower end the removal of a piece of the cortical tissue 
has exposed a central axis which is longitudinally striated and may represent a pith. 
The narrowness of the pith favours the comparison with a Conifer stem and leads ~ 
me to use FLicHeE’s generic name rather than Benstedtia. { 


3. Abietinee. 
PinirEs (PiryospERMuM), Endlicher and Nathorst. 
Pinites (Pityospermum) sp. (Pl. V. figs. 85, 85A.) 
The small specimen represented in fig. 85 consists of an imperfectly preserved scale, 
8 mm. long, bearing at the narrower end a raised oval area which marks the position 
of a seed. The close resemblance of this incomplete fossil to the winged seeds of Pinus, 
Abies, Pseudotsuga, and other members of the Abietineze justifies the use of the 
comprehensive generic term Pinites of EKNDLICHER and the sub-genus Pityospermum 
proposed by NatHorst. Winged seeds similar to the Culgower specimen have been | 
figured by several authors, by Newron and Tratu§ and Naruorst || from Franz Josef 
Land, by Narnorst{ from the Upper Jurassic of Spitzbergen, by Fontaine ** from 
the Potomac beds, by Herr from the Jurassic of Siberia,tt and by other authors. 


C. CYCADOPHYTA. 
1. Bennettitales. 


WILLIAMSONIA, Carruthers. 


Williamsoma pecten (Phillips). (Pl. VII. photos. 19, 20; Pl. VIIL. fig. 26.) 


1829. Cycadites pecten, Phillips, Geol. Yorks., p. 148, pl. vii. fig. 22. 
1870. Williamsonia pecten, Carruthers, Trans. Linn. Soc, London, vol. xxvi. p. 694. 


Fragments of fronds of this type are fairly common in the Culgower beds; they — 


* SEWARD (03), p. 36. + SEWARD (96). 
t Miss Stopss, who has recently examined the specimens of Benstedtia in the British Museum, informs me that 
she has found traces of xylem elements showing pits of the coniferous type (November 1910). 
§ Newron and TEA. (97), pl. xxxviii. || NarHorst (99), pl. ii. | Naruorst (97), pl. v. ; 
** Warp (05), pl. cix. figs. 4-6. +t Heer (77), pl. xiv. - 
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vary in breadth from about 4 cm. to rather less than 1 cm. The typical form is that 
represented in photo. 19, Pl. VII., and photo. 26, Pl. VIII., in which the linear pinne 
are gradually tapered to the apex, the upward curve of the lower edge of the lamina 
at the tip being stronger than that of the upper margin; the pinnz are contiguous at 
the base, which may be slightly expanded. ‘The veins are usually obscure, but in the 
fragment seen in photo. 26 they are clearly shown; there are approximately four veins 
to a millimetre of lamina. Photo. 20, Pl. VII., illustrates a form not uncommon in the 
Jurassic beds of the Yorkshire coast and at Stonesfield, in which the pinne are close 
together, relatively shorter, and more abruptly contracted at the apex. The variation 
met with in fronds referred to this species is well illustrated in Pl. III. of the second 
volume of my Jurassic Flora. 

This very widely spread species has recently been recorded by Natuorst from the 
Antarctic regions * and by myself from Turkestan and the Caucasus. t 


Williamsonia sp. (PI. V. fig. 99; text-fig. 12, B.) 


The imperfect specimen represented in fig. 99 consists of portions of what seem to 
be partially decayed fibrous bracts; their position suggests that they formed a 
protecting envelope to a fertile shoot as in the flowers of Williamsonia and Bennettites. 
This is the largest example among the few fossils of this type contained in the Gunn 
collection. In another specimen (text-fig. 12, B) the bracts are more closely arranged, 
as in a closed bud borne on a branched axis. The form of the bracts, their texture, 
and disposition favour the view that these fragmentary fossils are the remains of 
fertile shoots of a Williamsonia. 

A comparison may be made with Blastolepis otozamitis described by Zieno,} with 
Williamsonia cretacea Heer,§ W. microps Feist.,|| and W. oregonensis Font.4 


2. Cycadophyta incerte sedis. 


PSEUDOCTENIS, gen. nov. 


The genus Ctenis of LinptEy and Hutton, as represented by the type-species 
C. faleata,** is characterised by the fairly frequent anastomosing of the parallel veins of 
the broadly linear segments ; the pinne are laterally attached as in Pterophyllum, the 
lower margin is decurrent, and the upper border of the lamina curves slightly upwards 
as it joims the stout rachis. The venation is usually coarser than in Pterophyllum, 
and the longer spreading pinne give the fronds a habit less formal and rectangular 
than that of most Pterophyllum leaves. In the Wealden Flora, vol. u., I described 
a specimen as ? Zamites sp.tt which agrees very closely in habit with Ctenss falcata 
L. & H., but is distinguished by the absence of lateral anastomoses between the 


* Natuorst (04). + SEWARD (07). { Ziano (85), pl. xlii. 
§ Hemp (82), pls. xii., xiii. || FerstManteEt (80), pl. xli. “| Warp (05), pl. xxix. fig. 6. 
** LinDLEY and Horton (34), pl. ciii. ++ SEWARD (95), p. 89, fig. 5. 
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veins. This specimen is in all probability specifically identical with the Culgower 
fronds referred to Pseudoctenis eathiensis. It might be legitimate to include such 
fronds as show the characters of Ctenis except as regards anastomosing of the veins in 
that genus, on the analogy of the occasional occurrence of undoubted Glossopteris leaves 
in which venation reticula are very rare;* but on the whole it is more convenient to 
adopt a distinctive generic name such as Pseudoctenis. 


Pseudoctenis eathvensis (Richards). (Pl. IV. figs. 62, 62A, 67, 67A; Pl. VII. 
photos. 11, 12; Pl. VIII. photo. 32; Pl. X. photo. 45.) 


1884. Zamites eathiensis, Richards, R. Phys. Soc. Edin., p. 117. 


Photo. 45, Pl. X., shows part of the large specimen figured by HucH MILER 
as Zamia, and made the type of a new species by Ricwarps. ‘his example, with a 
rachis 27 cm. long and incomplete at each end, no doubt represents the lower portion 
of a very large frond. The linear pinne, only portions of which are preserved, show 
several parallel veins, approximately 1 mm. apart, very distinctly ; there are no un- 
doubted lateral connections between the parallel strands. The bases of some of the 
pinnee show that the lower margin was decurrent on the rachis. The rachis is partially 
petrified, and in a transverse section it is possible to recognise hypodermal thick-walled 
tissue with indications of some secretory canals, as in the axis of recent Cycadean fronds. 
Another specimen figured by Mituer in his Testumony of the Rocks, fig. 1385, which 
Ricuarps speaks of as possibly Ctems falcata L. & H., is, I have no doubt, identical 
with the larger example represented in photo. 43. The specimen, part of which is 
reproduced in photo. 11, Pl. VIL, has a length of 26 cm., the upper part of the rachis, 
not included in the photograph, being bent almost at right angles to the lower and 
thicker part. The bases of the pinne agree with those of the apical portion of the 
frond shown in photo. 32, Pl. VIII. In photo. 32 the bases of some of the pinne 
slightly overlap the axis of the frond and afford some indication of a basal callosity 
such as occurs in the fronds of Ceratozamia mexicana and other recent Cycads. This 
specimen bears a striking resemblance to fronds of Zamites Buchianus (Ktt.), a Wealden 
species, but the venation of the Culgower species is much coarser, and the bases and 
manner of attachment of the pinne are different. A small piece of a similar frond is 
seen in fig. 62, Pl. IV., which illustrates the characteristic bases of the linear segments ; 
in one of the pinnze (fig. 62A) the veins show forking and there is a suggestion of a 
cross-connection. The specimens represented in fig. 62 and photo. 11 are from the lower 
part of fronds, where the pinne are given off at a much wider angle than in the more 
apical part (e.g. photo. 32). In the best example of this type, reproduced in photo. 32, 
Pl. VIIL, the apical linear segments are almost parallel to the rachis; the longest 
reaches a length of 17 em.; the lamina is gradually tapered towards a slender apex 
and contains about eight or nine veins per 5 mm. of lamina. The form of the base of 


* SEWARD (10), p. 508. 
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the pinne is clearly seen in photo. 12, Pl. VII. ; in the middle pinna near the base there 
seems to be a cross-connection between adjacent veins. In the example seen in fig. 67, 
P]. IV., the incomplete narrower pinnz show one or two oblique cross-veins (fig. 67A). 
Among species referred to Ctenis and other genera with which Pseudoctenis eathiensis 
may be compared are—Ctenophyllum grandifolium Font.* from the Trias of Virginia, 
C. Wardi Font. from the Jurassic of Oregon,t Zamites africana from the Wealden 
of South Africa,t Z Webert from the Jurassic of the Caucasus,§ etc. E1rcHwaLp’s 
species Zamites angustifolius || from Persia resembles the Culgower plant except in 
the more numerous veins. It is noteworthy that in Ctenophyllum Wardi, FonTAINE 
describes the anastomoses as far from frequent; the parallel veins are more numerous 
than in Pseudoctenis eathiensis. The species to which ScuimPER applied the name 
Ctenophyllum have the Pterophyllum rather than the Ctenis habit, and I have 
therefore made use of a new name rather than adopt the designation Ctenophyllum. 


Pseudoctenis crassinervis sp. nov. (Pl. IV. fig. 69; Pl. VII. photo. 17.) 


The two specimens represented in fig. 69 and photo. 17, while agreeing in the 
manner of attachment of the pinne with P. eathiensis, differ from that type in the 
more prominent and coarser venation and, as regards photo. 17, in having shorter 
segments. ‘I'wo complete pinne are preserved in the specimen reproduced in photo. 17, 
in which the rather broad acuminate tips are seen at a, a. It is possible that the 
greater coarseness of the venation may be due to an accident of preservation, but it 
is more probable that the frond belongs to a distinct species. 

This species may be compared with Ctenophyllum pachynerve Font. from Oregon 1 
and with Zamites pachynervis** described by ScHENK from the Wernsdorf beds in 
the Carpathians. 


ZAMITES, Brongniart. 


Zamites Buchianus (Kttingshausen). (PI. X. photo. 47.) 


1852. Pterophyllum Buchianum, Ettingshausen, Abh. k.k. geol. Reichs., Bd. i., Abth. 3, No. 2, p. 21, 
pl i:fig: 1. 

1873. Zamites Millert, Zigno, Flor. Foss. Oolit., p. 40. 

1884. Podozamites Heerianus, Richards, Proc. R. Phys. Soc. Edin., p. 121. 

1890. Zamiophyllum Buchianum, Nathorst, Denks. k. Akad, Wiss. Wien, Ba. lvii. p. 46, pls. il., ii1., v. 

1895. Zamites Buchianus, Seward, Wealden Flora, vol. ii. p. 79, pls. iii., iv., viiia. 


Fig. 47, Pl. X., represents part of MiLumr’s original specimen {{ which RicHaRps 
named Podozamites Heerianus before he discovered that Zicno had already 
designated the Scotch specimen Zamites Milleri. The habit of the frond and the 
presence of numerous fine veins in the pinne lead me to identify this specimen without 

* FontAINeE (83), pls. xxxix.—xlii. + Warp (05), pl. xxiii. { Szwarp (03), pl. v. 


§ SEwarp (07), pl. ii. || ErcHwa.p (68), pl. ii. fig. 7. | Warp (05), pl. xxiii. 
** ScHENK (712), pl. iv. ++ Minune (57), fig. 136. 
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hesitation with the characteristic Wealden type Z. Buchianus recorded from the south 
of England, Japan, the Potomac of Virginia, N.W. Germany, and elsewhere.* 


Zamites Carruthers: Seward. (Pl. X. photo. 43.) 


1884. Podozamites Milleri, Richards, Proc. R. Phys. Soc. Edin., p. 120. 
1895. Zamites Carruthersi, Seward, Wealden Flora, vol. ii. p, 86, pl. vi. figs. 2-4. 
Photo. 48, Pl. X., shows part of the specimen which Mixuer figured as one of his 
Cycadean fronds included under the general designation Zamia: the pinne are not in 
reality so much contracted at the base as would appear from Mriurr’s drawing. A 
comparison of this specimen with those from the Wealden of Sussex, which I described 
as Zamites Carruthersi,t leads me to refer the Sutherland plant to that species; the 
specimens agree in the form and venation of the pinne, which are characterised by the 
presence of numerous fine veins radiating from the base as in Otozamites, and by the 
clean-cut base as seen at a in the photograph. As pointed out in the description of 
the type-specimens, the pinnze bear a close resemblance to those of certain recent species 
of the South African genus Encephalartos, e.g. E. longyfolaus Lehm. 


PTEROPHYLLUM, Brongniart. 


In discussing the application of this generic name, ZEILLER { has pointed out that the 
description of fronds of the Pterophyllum type under different sub-generic or generic 
designations is in most cases based upon characters which are too variable or artificial 
to justify generic rank. His use of BRoneNrART’s genus in a wide sense is, I believe, 
a sound course to follow. 


Pterophyllum Natiorsti (Seward). (PI. IV. figs. 60A, 61, 61A; Pl. V. figs. 79, 86, 
86A; Pl. IX. fig. 36; Pl. X. fig. 44; text-fig. 13, A, B.) 
1871. Pterophyllum Dunkerianum, Schenk (pars), Palzxontographica, Bd. xix., pl. xxxiv. fig, 5. 

1900. Dioonites Nathorsti, Seward, Jurassic Flora, vol. i. p. 239. 

The type-specimen of Dioonites Nathorste from Yorkshire in the Sedgwick Museum, 
Cambridge, is, I believe, specifically identical with the specimen figured by MILtEr in — 
The Testimony of the Rocks as Phlebopteris and reproduced natural size in photo. 44, — 
Pl. [X., also with smaller specimens more recently acquired from the Sutherland beds. | 
Mitier’s specimen has a rachis preserved as a ridge 2 mm. broad bearing laterally — 
attached pinne, the longest of which reaches a length of 5°5 cm. In a few cases the 
apex is preserved, showing a slightly truncate form with the lower margin of the lamina 
more strongly curved than the upper. The linear pinne vary somewhat in breadth, 
from 3 to 4 mm. ; the veins are indistinct, but there appear to be about three to each 
millimetre. The smaller specimen shown in text-fig. 13, A, B, in which both upper and 
lower surfaces are seen, demonstrates the lateral attachment of the pinne. The rachis 


* SEWARD (95), p. 79. See also SALFELD (072), + Sewarp (95), p. 86, pl. vi. figs. 2-4. { ZxELuEr (03). 4 


THE JURASSIC FLORA OF SUTHERLAND. 695 


is wrinkled and the segments show the venation clearly. The lower edge of the pinnz 
is shehtly decurrent as in the type-specimen. The specimen represented in figs. 86, 
86A, though apparently characterised by a coarser venation, bears too close a resem- 
blance to the other examples to be placed in a distinct species. Photo. 36, Pl. IX., 
shows a fragment from the apical end of a frond, and a smaller distal fragment is seen 
in fig. 79, Pl. V. The obscure specimen represented in figs. 61, 614 shows traces of 
parallel veins in the almost filiform segments, and may be a smaller example of this type. 

The specimen figured by ScuEenK from the German Wealden as Pterophyllum 
Dunkerianum in his pl. xxxiv. fig. 5* is probably identical with the British species 
and distinct from the other examples which | described in the second volume of my 


Cc 


Text-Fie. 13. 
A, B. Pterophyllum Nathorsti, Sew. (Gunn collection.) A. From below. B. From above. 
C. Nilssonia mediana (Leck.). (Arber collection, 539.) 


Wealden Flora as Dioonites Dunkerianus. In the true Dioonites Dunkerianus, as 
represented by ScHENx’s other figures and by the English specimens, the segments are 
longer and are attached to the upper face of the rachis. 

Like many other Jurassic species, Pterophyllum Nathorsta exhibits a great similarity 
to some Rheetic species, e.g. Pterophyllum xquale Brongn. figured by ZemLLert from 
Tonkin, ScHenK’s Franconian specimens of P. Brawnianum Goepp., and P. carnal- 
hanum Goepp.{ Among Jurassic species agreeing more or less closely with P. Nathorsti 
are Ctenophyllum angustifolium Font. from Oregon,§ Pterophyllum distans Morr., and 
P. Footeanum Feist. from India.|| 


Nissonta, Brongniart. 
Nilssonia orventalis Heer. (PI. IV. figs. 60, 63-65; Pl. IX. photos. 34, 40, 42; 
Pl. X. photo. 46.) 
1878. Heer, Flor. Foss. Arct., Bd. v., ii., p. 18, pl. iv. figs. 5-9. 
The specimens from the Culgower flora referred to this species differ considerably in 
size, but agree in the possession of numerous unbranched lateral veins which are given 


* SCHENK (71). + ZELLER (03), pl. xlx. __{ Scuenx (67), pls. xxxviii., xxix. 
-§ Warp (05), pl. xxii. || OLDHAM and Morris (63) ; FEISTMANTEL (80). 
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off from the median line of the lamina at almost a right-angle. The broadest leaf is 
that represented in the photo. 46, Pl. X., taken from the specimen figured by HucH 
MILLER with other Cycadean fronds as Zamia. The lamina is torn in several places 
parallel to the veins, but the leaf was no doubt originally entire. In the Miller collec- 
tion is another specimen of the same type, 14°5 cm. long, with a rachis 7 mm. in breadth 
exposed by the removal of half the lamina; the portion of the lamina preserved is 2°5 
cm. broad; there are 6-7 veins per millimetre. The incomplete leaf shown in fig. 60 
illustrates the broad form of rachis, which in more complete specimens is hidden by the 
lamina. The tapered base of a frond is seen in fig. 64, and fig. 63 represents the 
bluntly rounded apex of a narrow leaf in which the rachis is shown as a groove. In 
the narrow fragment seen in fig. 65 the median line projects as a narrow ridge from 
which the veins arise almost at right-angles. Better specimens are represented in figs. 
34, 42, Pl. [X.; in the smaller example seen in fig. 40 the Jamina is traversed by fairly 
prominent ribs about 1 mm. apart: it is possible that this is a piece of a distinct species, 
but, on the other hand, the apparently coarser venation may be an accident of preserva- 
tion. It is easy to confuse veins with ribs due to the presence of hypodermal strands 
of strengthening tissue. A petrified specimen of NV. orventalis of Cretaceous age from 
Japan has recently been described by Miss Sroprs* in which stereome strands occur 
below the epidermis. A comparison of the Culgower material with the species from 
the Yorkshire coast to which Naruorst gave the name NV. tenwinervis led me to regard 
the two sets of specimens as specifically identical ; but it would appear from a recent 
description by Naruorst of a leaf of N. tenuinervist from a Yorkshire locality that 
the secondary veins are occasionally forked and that the cuticular structure differs from 
that of true Nilssonia fronds. The discovery of these differences led NarHorsr to 
institute a new genus Nilssoniopteris for the English type. In some impressions of the 
Yorkshire plant which I have examined I have failed to detect any dichotomously 
branched veins; it is possible, as NarHorst suggests, that some of the specimens 
referred to Nilssonia tenuinervis are true Nilssonias, though this is hardly likely. In 
describing some specimens from the Jurassic of Oregon identified as NV. orientalis, | 
Fonrarne speaks of the secondary veins being rarely forked, a fact which suggests the 
possibility of identity with Nilssoniopteris of Narnorst. N¢lssonia orrentales is a widely 
spread Jurassic type, and it is probable that the plant described by Herr from the 
Lower Cretaceous of Greenland as V. Johnstruppi§ is identical with the Jurassic species. 
From Jurassic strata N. orientalis || is recorded by Herr from Siberia, by Yass from 
Korea,! by Fonrarne from Oregon,** by Narnorst and Yokoyama from beds probably 
of Wealden age in Japan,+t and by myself from Jurassic rocks of the Caucasus. A 
fragment figured by Naruorsr from Upper Jurassic beds in Spitzbergen as WN. of. 
N. orventalis {{ is probably referable to this species. 


* Stopes (10). + NarHorst (09), pl. vi. figs. 23, 24. + Warp (05), pl. xvi. 
§ Huer (82), pl. vi. || Huur (78), pl. v. | Yawe (05), pl. ii, 
** Warp (05), pl. xvi. tt Natuorst (90); Yokoyama (89). tt Naruorsr (97), pl. i. fig. 18. 
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Nilssonia brevis Brongniart. (PI. 1X. photo. 37.) 
1825. Brongniart, Ann. Sci. Nat., tome iv. p. 218, pl. xii. figs. 4, 5. 


The specimen represented in photo. 37 consists of a portion of a frond with a median 
ridge and a lamina characterised by transverse folds which divide it into approximately 
equal strips. In the reverse piece of the same impression the axis is represented by a 
groove and the edge of the lamina is seen to be entire, but the transverse folds tend to 
converge slightly towards the margin. There is no definite venation recognisable, but 
in places one can detect some striations at right angles to the central axis. This fossil 
bears a close resemblance to some of the smaller impressions of Nalssonia brevis recently 
figured by Naruorst in his important monograph of the genus.* NV. brevis was founded 
by BroneniaRT on material from the Hor sandstone of Sweden of Liassic age. 
Naruorst shows clearly how the upper and lower surfaces of this type differ from one 
another, not only in the presence of a prominent rachis on the lower face, but in the 
appearance of the lamina ; seen from above, the lamina is divided by grooves or folds 
into transverse, smooth, and slightly convex strips, while on the lower face the regions 
between the folds are traversed by several subordinate ridges and grooves. The exposed 
face of the Culgower specimen is probably the upper, the lamina being destroyed along 
the median line. The upper part of the specimen reproduced in Natuorst’s fig. 11. 
Pl. IL, agrees very closely with the impression shown in photo. 37. Among other 
figures given by Naruorsr which exhibit the most striking likeness to the Sutherland 
Specimen are the following: pl. i. fig. 14; pl. i. figs. 14, 16, 17; pl. vi. fig. 5, ete. 
This species is said to occur very rarely in the Rheetic of Scania and is recorded from 
several localities in Germany. Nilssonia brevis, as represented by the Culgower 
specimen, may be compared with Pterophyllum contiguum Schenk + as figured by 
ZEILLER from the Rheetic of Tonkin. 


Nilssonia cf. Nilssonia compta (Phillips). (Pl. V. figs. 78, 81.) 


The fragment seen in fig. 78 shows a broad rachis bearing portions of broad truncated 
segments transversed by numerous fine veins about ‘5 mm. apart. In the pinna repre- 
sented in fig. 81 the veins are more prominent and rather farther apart. These 
specimens, though possibly not specifically identical, closely resemble the common 
Jurassic type Nilssonia compta;{ they agree also, but to a less extent, with the 
Wealden species Nilssonia Schauwmburgensis (Dunk.) as figured by DunKker§ and by 
ScHENK.|| 


Nilssonia mediana (Leckenby ex Bean MS.). (PI. VII. photo. 13; text-fig. 13, C.) 
1864. Pterophyllum medianaum, Leckenby, Quart. Journ. Geol. Soc. London, vol. vi. p. 77, pl. viii. fig. 3. 
The imperfect specimen reproduced in photo. 13 is characterised by the long and 
relatively narrow pinne, the least incomplete of which has a length of 6 em. and a blunt 


* Naruorst (09), p. 12, pls. i., ii., v.—viii. + ZEILLER (08), pl. xlviii. 
ft Sewarp (00), p. 223, pl. iv. fig. 5. § DunKer (46), pl. vi. || ScHEnK (71), pl. xxxiii. 
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apex like that seen in the fragment represented in text-fig. 13, C. The venation is 
obscure, but the veins seem to be more numerous than in the pinna shown in the text- 
figure. This specimen may be compared with Pterophyllum longifolium Brongn. 
figured by ANDRAE,* but the agreement with the English species is sutticient to justify 
the employment of LEcKENBy’s designation, though it is impossible to feel certain as to 
identity in the case of so imperfect a fragment. 

Text-fig. 13, C, shows a fragment of lamina with a bluntly rounded apex characterised 
by the strongly upward curve of the lower margin ; the base of the pinna is expanded. 
The veins, of which there are about fifteen in the segment, 1 em. broad, are clearly pre- 
served. The two specimens (photo. 13 and the text-fig. 13, C) present a striking agree- 
ment with some of the specimens from the Yorkshire strata figured in vol. i. of the 
Jurassic Flora, pl. iv 


BuckLanpia, Presl. 


Bucklandia Millervana Carruthers. 
1870. Carruthers, Trans. Linn. Soc. London, vol. xxvi. p. 687, pl. lv. fig. 1. 


A specimen in the Gunn collection from an unknown locality, possibly Brora, agrees 
very closely with the type-specimen of CarruTHERS which he described from Brora, as — 
also with his other Brora species, Yatesia crassa and Y. Joassiana. A compressed 
pith-cast, like those seen in some of CarruTHERS’ fossils and in that figured by ScHenk { — 
from the Wealden of Germany, is partially enclosed in a cylinder of contiguous leaf-bases, 
the larger of which measure 2°5 x 1 cm. ; the larger leaf-bases pass into a broad band of | 
smaller ones, as in CARRUTHERS’ specimens. I have elsewhere { expressed the opinion 
that there is no real distinction between the casts placed by CaRRUTHERS in Yatesia and 
Bucklandia. With the exception of Bennettites Peachianus, which shows the fertile 
shoots characteristic of that genus, the Cycadean stems described by CarruTHERS from — 
Sutherland appear to be of the same type: they agree with modern Cycadean stems in 
the absence of lateral flowering axes. 


Ovrozamitss, Braun. 
Otozamutes sp. (PI. V. fig. 84.) 


The material from the Sutherland plant-beds includes a few fragments which appear 
to be portions of pinnz of the Cycadean genus Otozamites. One of these is seen in 
fig. 84, in which the numerous fine veins are shown to spread from the incomplete base 
and to pass in a gradual curve towards the edge of the lamina. In the absence of well-. 
preserved pinnee it is ditticult to distinguish those of Otozamites from such segments as 
are characteristic of the species Zamites Carruthersz, but on the whole fig. 84 presents 


a closer agreement with a pinna of Otozamites. 


* ANDRAE (58), pl. x. + ScHEnK (71), pl. xxx t Sewarp (95), p. 165. 
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Cycadean pinne, cf. Dioonites Dunkerianus (Goepp.). (PI. V. fig. 100.) 


The pieces of two linear segments represented in fig. 100 are characterised by the 
presence of a shallow median groove, but show no signs of undoubted veins. As I have 
elsewhere shown,* it is very difficult to distinguish imperfectly preserved segments of 
Cycadites from the narrow linear pinnz of such fronds as those of the Wealden species 
Dioomtes Dunkerianus (Goepp.). The fronds of the recent Cycad Encephalartos 
Ghellinckiw afford an example of the close agreement between narrow segments with a 
revolute margin, in which the median groove formed by the recurved edge simulates a 
midrib, and the segments of Cycadites. A specimen similar to that seen in fig. 100 is 
figured by Herr from the Cretaceous of Greenland as Cycadites Dicksoni ;+ the pinne 
of Cycadites Saporte{ and other species may also be compared with the Culgower 
fragment. There is no evidence, however, which would justify the use of the generic 
name Cycadites in the present case. 


CycapospaDIx, Zigno. 


Cycadospadix Pasinianus Zigno. (PI. VII. fig. 18.) 
1885. Zigno, Flor. Foss. Oolit., p. 156, pl. xli. figs. 2, 3. 

The specimen reproduced in photo. 18, Pl. VII., consists of a leaf-like organ of 
fibrous structure in which there is no distinct indication of veins, characterised by a 
fimbriate margin identical with that on some examples figured by Zicno from Italian 
Jurassic beds. Carpellary leaves of Cycas revoluta and some other recent species 
usually consist of a long stalk terminating in a triangular expansion like that shown 
in photo. 18. The absence of a stalk or of any indication of a scar in the fossil made 
me hesitate to adopt the generic name Cycadospadix, but the discovery of specimens 
of Cycas pectinata in the Herbaria of Kew and the British Museum in which carpels 
of the normal type are associated with others consisting only of the triangular terminal 
portion identical in form with the impression from Culgower, adds weight to the 
suggested Cycadean relationship. The fossil may be compared with a fimbriate stipule 
such as is borne on the fronds of some recent Marattias. Similar specimens of 
Cycadospadix have also been described by Saporta.§ 


PLANT INCERTZ SEDIS. 
Ay Photo. d., Bl VI 


The specimen represented slightly less than natural size in photo. 1 consists of 
numerous torn carbonaceous films in which no veins can be recognised; many of the 
tagged segments lie in different planes, as seen at a, separated from one another by 
narrow strips of matrix. There is a slight resemblance as regards the overlapping of 

* SEWARD (95), p. 44. + Hsp (82), pl. xiv. { Sewarp (95), p. 29, pls. iii., vi., vill. 


§ Saporta (75), pl. cxvi. 
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the carbonaceous films between this fossil and one figured by Heer from the Kome 
beds of Greenland as Kolirion primigenius,* a species founded by ScHENK+ on much 
more satisfactory material from the Wernsdorf beds in the northern Carpathians and 
described as a Monocotyledon. olirion was afterwards recognised by SCHENK as a 
Pheenicopsis.{ The Culgower plant has nothing in common with SCHENK’s specimen, 
and it differs from the Greenland fossil in the absence of veins and in its much more 
ragged and filmy form: its position must be left undecided. 


B. Photo: 2381 VE 


This imperfectly preserved impression, reproduced rather less than natural size, 
affords no indication of veins, nor does it present the appearance of a woody axis. 
While recognising the possibility of its algal nature, it is too obscure to be referred to : 
the genus Algites. A similar specimen in the Peach collection in the British Museum 
(No. 4313) has a more woody appearance and may be part of a forked fern rachis. 


A 
\ Vip = 
WYN fy 
SN 


B Cc 


Text-Fie. 14. 


A. Planta incertz sedis (¢ nat, size), (Gunn collection.) 
B-F. Sponge spicules, from drawings made by Dr HinpzE, For explanation, see text. (circ. 30), (Gunn collection.) 


C. Plate IX. figs. 33, 38; text-fig. 14, A-F. 


Some obscure impressions on a large slab of rock, though I am unable to express 
any satisfactory opinion as to their true nature, may be briefly described. Fig. 38, 
P]. [X., shows one of these problematical fossils: the specimen consists of an axis 1 em. 
wide, with three branches, each of which terminates in an ill-defined mop-like head. 
The main axis shows faint traces of irregularly longitudinal lines, but there is no 
definite venation ; at the proximal end of the axis is an oval depression oblique to the 
rock, which may be the scar of some other organ. On examining the mop-like head on 
the right one is able, with a lens, to make out imperfectly preserved branched threads like 
those somewhat diagrammatically shown in text-fig. 14, A. The specimen represented 
in photo. 33 consists of an approximately circular but ill-defined mass of branching 


* Heer (75), pl. xxiv. figs. 1-3. + ScHEN«K (71), pl. vii. fig, 4. { ScHEnK (90), p. 269. 
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threads associated with a gradually tapered stalk, which on closer inspection is seen to 
be characterised by the presence of numerous parallel veins and is possibly part of a 
Pheenicopsis leaf. It may be that the association in this case between mop and stalk 
is accidental, while in the larger specimen (fig. 38) there is organic continuity. On the 
other hand, it is by no means improbable that the mops are the remains of some filament- 
ous alga which grew epiphytically on pieces of larger plants. The mops appear to be 
denser in the centre, gradually shading off as a fainter and vaguely delimited stain at 
the periphery. 

An interesting feature of these impressions is the association of small white spicules, 
simple and branched, which suggested the presence of sponge fragments. The spicules 
are most abundant in association with the mop-like heads, though they also occur 
scattered over the stalks and other parts of the rock. I submitted the specimens to 
Dr Hinpz, who very kindly sent me the following notes :— 

“Further examination of the slab of rock confirms my view that the sponge spicules 
which occur on the carbonaceous axes and their moss-like heads, and are dispersed more 
or less thickly throughout the rock, are not specially connected with the carbonaceous 
bodies, and I do not think that the sponges to which they belonged were attached for 
support to the plant remains. I can make out four kinds of the siliceous spicules ; 
possibly there may have been others, now too fragmentary for recognition; the forms 
are: straight or slightly curved, fusiform (text-fig. 14, B); trifid spicule with short 
horizontal head-rays, sometimes recurved (fig. C); four-rayed spicules (figs. D, F); 
dermal spicule of tetractinellid sponge (fig. E). All these forms are common types and 
may be found in pretty well every fossil deposit of sponge spicules, whether Cretaceous 
or Tertiary, and they are also present in recent dredgings. Nos. 1 and 2 (figs. B, C) 
might belong to a form of Stellata; Nos. 3, 3a (figs. D, F) to Pachastrella. The 
spicules in these sponges are not organically connected, and thus are readily detached 
and scattered after the death of the animal. It is possible that the circular expansion 
on the right of the slab may represent portions of two small specimens of Stellata, for 
the spicules are all of the same kind of trifids. I have not recognised any spicules of 
Lithistid or Hexactinellid sponges. It is unusual, in my experience, to find sponge 
remains in a rock associated with such a number of plants.” 


D. ? Podozamites sp. (Text-fig. 10, C.) 


The single leaf, incomplete at the base, represented in text-fig. 10, C (p. 685), shows 
a few slightly spreading veins which appear to fork near the obtuse apex. This solitary 
Specimen occurs on the back of the slab with the impression of Nilssonia orientalis 
reproduced in photo. 42, Pl. [X. Accurate determination is impossible; but a com- 
parison may be made with Podozamuites sp. figured by Yoxoyama™* from Japan and 
with Podozamites obovatus described by ScHENK from the Wernsdorf beds.t Leaves of 
similar form are figured by Berry in his species Araucaria Bladenensis.{ The leaflet 


* Yokoyama (94), pl. xxv. + ScHENK (717), pls. ii, ii. { Bmrry (08), pls. xii.—xiv. 
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may be compared also with segments of the narrow fronds recently figured by SaLFELD 
from the Lias of N.W. Germany as Otozamites Mandelslohi Kurr.* 


CoNCLUSION. 
The Kimeridgian age of the beds from which the plants of the Culgower flora were 
obtained has been determined by Professor Jupp and by Mr H. B. Woopwarp from 
evidence other than paleeobotanical: Mr Woopwarp considers that the Portlandian 
series may be represented in the uppermost strata.t The composition of the flora is 
consistent with the conclusions based on stratigraphical and paleeozoological grounds. 
It is generally agreed that the differences between Wealden floras and those from 
different horizons in the Jurassic system are comparatively small. It may be said 
without exaggeration, that from the Rhetic and Liassic periods to the end of the 
Jurassic period, including the Wealden, the vegetation of Kurope experienced no very 
striking or fundamental change. Many species died out and not a few new types made 
their appearance during this phase of geological history, but, so far as we know, there — 
was nothing which can reasonably be spoken of as a revolution in the plant-world from 
the period immediately preceding the beginning of the Jurassic period up to the time 
immediately following the close of that era. A comparison of such a flora as that 
described by ScHENK from the Rheetic strata of Franconia with the Wealden floras of 
England and Northern Germany demonstrates a general agreement, which stands out 
above the many differences as regards individual elements in these widely separated — 
floras. Similarly, the composition of such Lower Oolitic floras as those from the — 
Yorkshire coast and the plant-beds of Siberia conforms in general terms to that of 
Rheetic and Wealden floras. The bearing of this comparison on the Culgower flora is 
that we should not expect to find an assemblage of plants differing both from older 
Jurassic types and from the constituents of Wealden floras. Several genera of plants 
which range from Rheetic to Wealden floras have been described under different 
specific names, in some cases aS a concession to difference in age rather than as an 
indication of the existence of well-defined or constant specific characters. 
In the Culgower flora there are certain species which are characteristic of Wealden 
floras, e.g. Hausmannia dichotoma, Gleichentes cycadina, Buera Brauniana, Hlatides 
curvifolia, Laccopteris Dunkert. These species, as I have pointed out in the 
descriptive part of the paper, can all be closely matched with Jurassic types, and in 
some cases, e.g. Laccopteris, Gleichenites, and Baiera, with Liassic or Rheetic species. 
Matondium Goepperti, not to mention others, is an example of a species common to 
Middle Jurassic and Wealden floras. In a considerable number of the Culgower plants” 
we have species which are widely distributed in Middle Jurassic floras, e.g. Comopteris 
hymenophylloides, Cladophlebis denticulata, Todites Williamsoni, ete. Finally, the 
species Nilssonia brevis and Thinnfeldia rhomboidalis are Rheetic types, the latter 
species being recorded also from Liassic rocks in England and elsewhere. % 
* SALFELD (07), pl. xvi. + See ante, p. 646. 
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The Culgower flora has many features in common with the Upper Jurassic (Wealden) 
flora of Spitzbergen, the Wealden of England, Germany, and other regions, as also with 
the older Jurassic flora of East Yorkshire which may be taken as a type of Middle 
Jurassic floras in various parts of the world. As one would expect in a flora of 
Kimeridgian age, we find an admixture of Wealden or Upper Jurassic, Middle, and 
Lower Jurassic species. 

The investigation of the Sutherland Kimeridgian flora reveals facts which are of 
oreater interest from a botanical than from a geological point of view. During the closing 
stages of the Jurassic era there flourished in the north-west of the Huropean continent 
a flora which extended into Arctic latitudes: many of the genera which were then 
prominent no longer exist, but others have left descendants in tropical and sub-tropical 
floras of the present day. Hausmannia is no doubt closely related to the Indo-Malay 
fern Dipteris; Laccopteris and Matonidium may be said to survive in the Malayan 
genus Matonia; in Gleichenites we have a type now represented by the recent species 
of Gleichenia in the southern tropics and south temperate regions; Todites and 
probably Cladophlebis denticulata are links with Todea barbara of South Africa and 
Australia. The Cycadean species, which were conspicuous in the Culgower flora, are 
connected, more or less closely, with the dwindled family of Cycads, which is now 
mainly tropical in its distribution. Araucarites and, in all probability, Hlatedes curvi- 
folia have their nearest allies in the Norfolk Island Pine (Araucaria excelsa) and other 
species of Araucaria in Hastern Australia, New Caledonia, and adjacent regions. The 
botanical data collected by Marcus Gunn and others from the Upper Jurassic rocks 
of Sutherland furnish evidence of striking changes in the geographical distribution 
of several generic types which have persisted through the ages. 

The more experience one has in the determination of fragmentary fossil plants, the 
less confidence one feels as to the value of attempts to draw fine specific distinctions. 
I am well aware that some of my determinations rest on a basis which is far from satis- 
factory ; I have, however, endeavoured to keep under control the temptation to read 
into the imperfect records more than they contain. The task of deciphering or piecing 
together the disywncta membra of this Kimeridgian flora has not been easy ; but to the 
interest inseparable from a study of an ancient flora, there has been added the satis- 
faction of doing what I could to produce a contribution to British Mesozoic Botany 
which might be worthy of dedication to the memory of Marcus Gunn. 
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EXPLANATION OF PLATES. 


I gratefully acknowledge a grant of £20 made by the Royal Society of London towards the cost of the 
Plates. ; 

With a few exceptions, where the magnification or reduction is stated, the specimens are represented 
natural size. 

Tam indebted to my Wife for giving me much assistance with the drawings.—A. C. 8S. 


< Prats I. 
Fics. 1-4. : Sagenopteris Phillipsi Brongn. Gunn collection (British Museum). 
pe O--13. Laccopteris Dunkert Schenk. Fig. 12, x 6. * 5 
a7. Hausmannia dichotoma Dunk. a a 
ies. 18, 18A. Hausmannia Richteri sp. nov. 5 4 
IGE Hausmannia dichotoma Dunk. var. linearis Richt. 3 7 
19a. Spiropteris (2 Gleichenites). * 
Puate II. 
Fic. 20. Hausmannia dichotoma Dunk. Gunn. coll. 
21. Hausmannia Buchii (And.) ( x 6). 5 
18. 22-24. Sphenopterts onychiopsoides sp. nov- = 
eo, 26.~ Matonidium Goepperti (Ett.). Fs 
: ma 27, 274A. Todites Williamsoni (Brongn.). a 
i (28, 29. Marattiopsis Boweri sp, nov. Fig. 28, Gunn coll. 
s Fig. 29, Arber coll., Sedgwick 
- Museum, Cambridge (525), 
30. Cladophlebis sp. cf. C. haiburnensis (Lind. and Hutt.). Gunn coll. 
mel. Cladophlebis denticulata (Brongn.) ( x 2). Arber coll. (517). 
32-36. Cladophlebis denticuluta (Brongn.), Fig. 32, x 7. Gunn coll. 
37, 37A. i Thinnfeldia arctica Heer. Peach coll. (Brit. Mus.). 
38. Cladophlebis denticulata (Brongn.). Arber coll. (523). 
39, 39A. Texniopteris sp. Gunn coll, 
40. Rhizomopteris Gunni sp. nov. : 


a. Puate III. 
Fies. 41, 41A. Rhizomopteris Gunni sp. nov. Gunn. coll. 
A’, A, B, ground-tissue _ §, stele. 
Fig. 41, x12; fig. 41A, part of fig. 40 enclosed by line a, 
enlarged. 
» 42, 42A,43,43A. Gleichenites Boodlet sp. nov. 39 
Fig. 42. a-b, plane in which the section shown in 42A, 43, 
43A was cut. 
Fig. 43. One of the arms of fig. 42 magnified 19 diameters. 
X, xylem; P, phloem and pericycle; c’, ¢’, ¢”, zones of 
cortex. The linea encloses the portion enlarged in fig. 43A. 
Fig. 43A. Portion of stele of fig, 43 enlarged. Mx, meta- 
xylem ; Px, protoxylem ; P, phloem. 
44,45, 46,46A. Contopteris hymenophylloides (Brongn.). Fig. 46a, x 4. Figs. 44, 45, Gunn coll. 
% Figs. 46, 46A, Peach coll. 
Fie. 47, Cladophlebis sp. Peach coll, 
Figs, 48-54. Gileichenites cycadina (Schenk). Fig. 49, x 7. Figs. 48, 49, 51, 53, 54, 
Gunn coll. 
Figs. 50, 52, Arber coll. (505, 496). 
55, 55A, Dichopteris Pomelit (Sap.). Gunn coll. 
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Puate LY. 


Indeterminable fragment (? Thinnfeldia sp.). 
Todites Williamsont (Brongn.), 
Coniopteris arguta (Lind, and Hutt.). 
Nilssonia orientalis Heer. 

Pterophyllum Nathorsti Sew. 
Pterophyllum Nathorsti Sew. 

Pseudoctenis eathiensis (Rich.) gen. nov. 
Nilssonia orientalis Heer. 

Thinnfeldia rhomboidalis Ett. 
Pseudoctenis eathiensis (Rich.). 
Thinnfeldia arctica Heer. 

Pseudoctenis crassinervis gen, et spec. nov. 
Thinnfeldia rhomboidalis (Ett.). 


Dichopteris Pomelii (Sap.). 
? Thinnfeldia rhombordalis Ett. 


Puate V. 
Taxites Jeffreyi sp. nov. 
Taxites sp. 
Elatides Sternbergiana (Schenk). 
Elatides curvifolia (Dunk.). 
A scale of this cone is shown in text-fig. 11, B. 
? Klatides curvifolia (Dunk.). 
Nilssonia sp. of. N. compta (Phill.). 
Pterophyllum Nathorstt Sew. 
Thinnfeldia de Geert (Nath.). 
Nilssonia sp. cf. N. compta (Phill.). 
Thinnfeldia rhomboidalis Ett. 


Otozamites sp. 

Pinites (Pityospermumy) sp. 

Pterophyllum Nathorsti Sew. 

Gleichenites cycadina (Schenk). Fig, 87, x 18 
Taxites sp. cf. T. gramineus (Heer). 
Gleichenites cycadina (Schenk). Fig. 96, x 12. 


Araucarites Milleri sp. nov. 

Williamsoma sp. 

Cycadean pinne, cf. Dioonites Dunkerianus (Goepp.). 
Laccopterts Dunkeri (Schenk). 

Araucarites Milleri sp. nov. 

Czekanowskia Murrayana (Lind and Hutt.). 

Taxites sp. cf. T. gramineus (Heer). 

Baiera Lindleyana (Schimp.). 


Puate VI. 


a, carbonaceous films seen 
(Very slightly reduced.) 

(Very slightly reduced.) 
(Photo, 3 slightly 


Planta incertzx sedis, A. 
in different planes. 
Planta incertex sedis, B. 
Sagenopteris Phillipsi (Brongn.). 

reduced.) 


Gunn coll. 
” 


” 


” 
Arber coll. (494), 
Peach coll. 


” 
Gunn coll. 


” 
Fig. 70, Gunn coll. 


Fig. 70A, Arber coll. (563). 
Gunn coll. 


” 


Gunn coll. 


” 
Peach coll. 
Gunn coll. 


Gunn coll. 


” 
Fig. 82, Arber coll. (497). 
Figs. 83, 83A, Gunn coll. 
Gunn Coll. (497). 


oe) 
Fig. 92, Peach coll. 
Figs. 93-96, Gunn coll. 
Gunn coll. 


Gunn coll. 
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Pxoro. 6. Hausmannia Buchii (And.). Peach coll. 
4 oc: aa Laccopteris Dunkert Schenk. Gunn coll. 
- Pxoros. 8, 9. Cladophlebis denticulata (Brongn.). ‘ Photo. 8, Gunn coll. 


: ; » 9, Peach coll. 
Pxoro. 10. Sphenopteris onychiopsoides sp. nov. Gunn coll, 
Puate VII. 
 Pxoros. 11,12.  Pseudoctenis eathiensis (Rich.) Photo. 11, Arber coll. (498). 
oe » 12, Gunn coll. 
Puoro. 13. Nilssonia mediana (Leck. ex Bean MS.). (}nat. size.) Gunn coll. 
es Thinnfeldia sp. (Slightly reduced.) "S 
oy LO. Todites Willuamsont (Brongn.). Peach coll. 
16. Cladophlebis cf. C. distans (Heer). Gunn coll. 
ve Pseudoctenis crassinervis gen. et spec. nov. a, a, apex 
of pinne. ” 
or. 18. Cycadospadix Pasinianus Zig. 5 
Pr oros. 19, 20. Welliamsonia pecten (Phill.). Phot. 190, s = Sagenop- 
‘ teris Phillipsi (Brongn.). As 
Puoro. 21, Thinnfeldia rhomboidalis Ett. Peach coll. 
7 Brame VEL: 
-HoTOS. 22-25.  Hlatides curvifolia (Dunk.). Gunn coll. 
vTO. 26. Williamsonia pecten (Phill.). 45 
27. Coniopteris hymenophylloides (Brongn.). * 
28. Coniopteris quinqueloba (Phill.). fe 
29. Cladophlebis denticulatu (Brongn.). ss 
30. Elatides curvifolia (Dunk.). 5 
31. ~Coniopteris arguta (Lind. and Hutt.). a a 
32. Pseudoctenis eathiensis (Rich.). o 
; Puate 1X. 
PxHoro. 33. Planta incertz sedis, C. Gunn coll. 
me 4. Nilssonia orientalis Heer. _ 
Pe 00. Phenicopsis Gunni sp, nov. ‘ 
pe oO. Pterophyllum Nathorsti Sew. 5) 
37, Nilssonia brevis Brongn. if 
EER Planta incertx sedis, C. 69 
 TRBER Brachyphylium sp. 5 
Be, 20. - Nilssonia orientalis Heer. sh 
41. Coniferocaulon colymbexforme Fliche. Arber coll. (569). 
42, Nulssonia orientalis Heer. Gunn coll. 
Puate X. 
PHOTO. 43. Zamites Carruthersi Sew. A, base of pinna. Hugh Miller coll. Edinburgh. 
44, _ Pterophyllum Nathorsti Sew. » » 
45. Pseudoctenis eathiensis (Rich.). » ” 
46. Nilssonia orientalis Heer. » ” 


47, Zamites Buchianus (Ett.). %» ” 
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M‘Farlane & Erskine, Lith., Edin. 


Figures 1-4, Sagenopteris. 5-13, Laccopteris. 14-19, Hausmannia. 19a, Spiropteris. 
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M‘Farlane & Erskine, Lith., Edin. 


Figures 20, 21, Hausmannia. 22-24, Sphenopteris. 25, 26, Matonidium. 27, Todites. 28, 29, Marattiopsis. 
30-36, 38, Cladophlebis. 37, Thinnfeldia. 39, Tzniopteris. 40, Rhizomopteris. 
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M‘Farlane & Erskine, Lith., Edin, 


Figures 41, Rhizomopteris. 42, 43, Gleichenites. 44-46, Coniopteris. 
47, Cladophlebis. 48-54, Gleichenites. 55, Dichopteris. 
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60a, 61, Pterophyllum. 
71, Dichopteris. 


60, 63-65, Nilssonia. 


66, 68, 70, 70a, 72, Thinnfeldia. 
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THe Jurassic Frora oF SUTHERLAND—PuatEe VI 


A. C. Sewarp 


Lith., Edin. 


M'‘Farlane & Erskine, 


6, Hausmannia. 


3-5, Sagenopteris, 


Photographs 1, 2, Plante incerte sedis, 


8, 9, Cladophlebis. 10, Sphenopteris. 


7, Laccopteris. 
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12, Pseudoctenis, 13, Nilssonia. 14, Thinnfeldia. 15, Todites. 16, Cladophlebis. 17, Pseudoctenis. 
18, Cycadospadix. 19, Williamsonia and Sagenopteris. 20, Williamsonia. 21, Thinnfeldia. 
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A. C. Sewarp: Tue Jurassic Frora or SUTHERLAND—Puate VIII. 


M‘Farlane & Erskine, Lith., Edin. 
Photographs 22-25 --30, Elatides. 26, Williamsonia. 27, 28, Coniopteris, 
29, Cladophlebis. 31, Coniopteris. 32, Pseudoctenis. 


Trans. Roy. Soc. Edin’ Vol. XLVII. 


A. C. Sewarp: THe JURASSIC Frora or SUTHERLAND— Prater IX. 


+ Elliott, Photo. 


M’Farlane & Erskine, Lith., Edin. 


Photographs 33, 38, Plante incerte sedis. 34, 37, 40, 42, Nilssonia. 35, Pheenicopsis. 
36, Pterophyllum, 39, Brachyphyllum, 41, Coniferocaulon. 
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44, Pterophyllum, 


45, Pseudoctenis. 


46, Nilssonia. 
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INTRODUCTION. 


Probably the commonest type of foliage among the impressions of Carboniferous 
plants is one which simulates that of our living ferns. These paleeozoic fronds were 
originally believed to belong to the true ferns, but recently some of them have been 
taken from this group and included in the Pteridospermez. There remain, however, 
a large number of fronds the true affinities of which are yet doubtful. Thus, though 
there are still a considerable number of species which belong to the ferns, the number 
of doubtful examples and of those now definitely known to be pteridospermous far 
exceeds the number of those attributed to the Filices. Indeed, we cannot now consider 
the latter group to have been dominant during the Carboniferous epoch. 

What is true of the carbonised impressions is equally true of the petrifactions. In 
the petrified specimens, however, it is rather easier to determine which are likely to 

belong to the fern group and which are not. It was among these petrified examples, 

indeed, that the first indications of the Pteridospermez (Cycadofilices) were detected, 

and it was also from petrified specimens that the seed habit among fern-like plants was 
demonstrated. 

_ There are several well-marked genera among the ferns* of Carboniferous times, 
and recently a great deal of attention has been devoted to this group. Mr ARBER (1) 
has instituted the group of the Primofilices to contain the ancient paleozoic ferns 
such as the Botryopterideze and Zygopterideee. Dr Scorr, Professor Bower, and others 
have discussed the relation of paleeozoic ferns to recent forms, showing how they may 
be classified, and that that classification is in harmony with the geological evidence. 

* The Botryopteridez, though very different from modern ferns, are generally classed with the Filicales. Under 
that name (Botryopteridez), two very distinct orders are placed, viz. :—Botryopteris and Zygopteris. The differences 
between these, however, seem too great to allow of their inclusion in the same order. In what follows I use the 
terms Botryopteridee and Zygopteridez as representing orders which are as distinct from one another as, say, that of 


the Osmundacez is from either of them. 
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Dr Kripston and Professor GwyNNE-VauGHaN have worked out a scheme of evolution 
among the Osmundaceze founded upon the hypothesis that the original representatives 
of that order had solid woody axes, and this is receiving much support from a com- 
parison with other groups. The specimen described below has also a very distinet 
bearing on this question. 

All the above-mentioned recent research has been from an evolutionary and 
taxonomic standpoint, with the intention of clearing up many of the difficulties 
continually met with in studying a flora which is at best fragmentary. 

The classification of paleeozoic ferns has been attempted from two standpoints. M. 
PauL BERTRAND (2), who has just published an exhaustive treatise on the Zygopteridez, has 
taken the form of the petiole-trace as his basis of classification, and has demonstrated 
five distinct series among the members of that order. He does not, however, lay much 
stress on the anatomy of the stem. As few zygopterid stems are known at present, this 
classification founded on the petiolar structure is quite a feasible one. As our knowledge 
of the stems of this order increases, modifications may have to be made in his scheme. 

In their work on the fossil Osmundacex, Dr Kinston and Professor GwWyYNNE- 
VauGHaN (6) have called attention, on the other hand, to the nature of the stem 
structure. They show that the stems of the older members of that order exhibit 
characters which may be regarded as primitive, such as the absence of any pith in the 
centre of the stele and the protostelic departure of the leaf traces. The fossil Osmun- 
dacez can thus be arranged in an ascending series, and their occurrence in geological 
time corresponds with their position in this series. A parallel development can be 
demonstrated among the Lepidodendrex. In the zygopterid alliance, however, no such 
series has been established ; but, as these authors remark,* “if the zygopterid line of 
descent is at all close to the Osmundaceous, we must be prepared for the existence 
of a Zygopteris with a solid xylem like that of Thamnopteris, the central elements 
consisting entirely of short tracheze without any parenchyma. Such a discovery, in 
fact, we hopefully anticipate.” 

In this paper it is proposed to describe a zygopterid stem which satisfies the 
requirements of the above prediction. Some specimens of a portion of the petiole 
belonging to this fern have been recorded previously, but these fragments have not 
been sufficiently long to give an adequate idea of the complete structure even of the 
petiole itself. Of course, specimens of fossil plants showing all their various members 
in organic continuity are of the rarest occurrence, but I have been fortunate enough in 
this case to obtain specimens exhibiting stems, petioles, and roots in actual connection 
with one another. 

Zygopterid stems and petioles have been obtained from several different horizons, 
but the specimens described here were derived from the lowest of the great Carboni- 
ferous subdivisions—the Calciferous Sandstone Series (Culm)—to which the rocks at 
Pettycur belong. The petrifactions occurring at Pettycur are either found lying loose 

* K. and G.-V., Trans. Roy. Soc., Edinburgh, vol. xlvi. pt. iii., pp. 663, 664. 
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on the shore, or, as has been demonstrated,* embedded in the overhanging cliffs. 
Some of my specimens were obtained from loose blocks, while others occurred in situ in 
the agglomerate which forms the cliff near Pettycur House. I have collected two large 
blocks (one being about 1 ft. 6 ins. x 1 ft. x 1 ft., and the other 1 ft. x 9 ins. x 6 ins.), and 
a small rounded fragment about 6 ins. diameter, containing petrified specimens of this 
plant. I have further been able to obtain numerous detached petioles and pinne of the 
fern from the agglomerate at Pettycur House. All these specimens, with the exception 
of one of the first-mentioned blocks, were obtained in situ in the cliff. The plant 
petrifactions were more or less continuous in the blocks, and thus it was possible to 
prepare long series of sections illustrating the structure of the various members of the 
plant. These sections were cut approximately at equal distances from each other, the 


Stage oF Stage of Stage oF Stage of | Sfage oF Stage oF | 
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Fic. 1.—Diagram illustrating the amount of the overlapping in the various series of sections cut from the 
petiole-trace of Diplolabis rémert. 
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interval between the sections being from +, in. to +, in., though in some cases it did 
not exceed ;, in. In general, the changes in the specimen from section to section are 
not rapid. The slides examined, which number about 250, were prepared either by 
myself or by Mr F. Puituies of the Sedgwick Museum, Cambridge, under my super- 
vision. From one petiole 55 slides were prepared in serves, but even that number was 
not sufficient to illustrate completely all the stages in the change of form of the petiole- 
trace. The various series which were prepared overlap so much, however, that there is 
no doubt of the stages described below, each series serving to check the others. The 
extent of the overlapping is indicated in text-fig. 1. 

The mode of preservation of most of the specimens is somewhat peculiar. The 
xylem elements are generally clearly preserved, but the thin-walled tissues of the cortex 
are not as a rule well petrified. Even in the xylem elements the crystallisation of the 
ealcite has often distorted the walls. In the softer cortical tissues, the spherules of calcite 


* Gorpon, Trans, Geol. Soc., Edinburgh, vol. ix. pt. iv., 1909. 
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growing from the centres of crystallisation have so distorted the cells that the latter 
have become completely disintegrated. When the small spherules had grown out so 
as to touch each other, the carbonaceous matter from the ruptured cortical tissue was 
imprisoned between them, and thus a pseudo-cellular structure was produced. Hach 
individual spherule resembles a cell, but careful examination shows that the outlines are 
not really cell walls. This has occurred throughout the whole block, so that, at first 
sight, the entire mass appears to be a continuous cellular tissue with various xylem- 
strands traversing it. Closer examination, however, reveals the true nature of the 
pseudo-cellular structure, and shows that the various strands really belong to separate 
and distinct plant fragments. Plate I. fig. 11, illustrates this structure exceedingly well. 
At first sight, the strands st., pet. tr., rt. tr., z and 2 are all apparently set in a continu- 
ous parenchymatous tissue, but a comparison with Pl. I. fig. 10 shows that the strands 
st., pet. tr., and rt. tr., belong to one plant, while z and z are really outside the 
cortex, though the pseudo-cellular nature of the whole matrix masks this to a large 
extent. 

Although the peculiar preservation obliterates the softer tissues, there is no difficulty 
in delimiting their extent, and so continuity can be established between the stems and 
the other members. This continuity is confirmed by a study of the xylem tissue, which 
is continuous in all cases. Indeed, it is largely from a consideration of the xylem that 
the results to be described below were obtained. 

In a Preliminary Note read to the British Association at Winnipeg,* I gave this plant 
the provisional name—Zygopteris pettycurensis, but indicated that I expected to be 
able to demonstrate that it really was identical with Zygopteris romeri (Solms), and this 
has proved to be the case. Before considering the general structure, however, it will be 
well to recall the history of this interesting species. Like many another fossil, this plant 
has had a checquered history. In 1892 Count Soums-Lavpacu (11) gave the name 
Zygopteris rémeri to detached petioles with peculiar traces. These specimens were 
obtained by Sotms and Herr Voieer from the Devonian of Falkenberg. Similar 
petioles were discovered in the Lower Carboniferous rocks of Esnost in France and called 
Diplolabis esnostensis by RENAULT (8) in 1896. In 1908, M. PeLournE (7) described a 
partially disintegrated specimen from Esnost under Flichera esnostensis. This new 
genus and species is identical with some of my specimens which can be traced into the 
normal petiole-strand of Diplolabis rémert. The five strands are derived by the arms of 
the trace breaking away from the horizontal bar. An example of a rotted trace com- 
parable with those figured by this author is reproduced in Pl. IV. fig. 46. M. Paun 
BERTRAND (2), in 1909, recognised that RENAULT's specimens were identical with those 
of Sots, and has therefore reverted to the original specific name rémeri, while retain- 
ing Renavwt’s genus Miplolabis. This course I have also followed here. 

The specimens from Pettycur are much more complete than those previously 
obtained elsewhere, and my work on them has convinced me that we are dealing with a 


* Report Brit. Assn., Winnipeg, Section K, 1909. 
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very primitive type of stem and a petiole-trace which might be placed in several differ- 
ent form-genera according to the relative position in the petiole of the section under 
consideration. These Pettycur specimens are the first examples of this species recorded 
from a British source, and are interesting both from a botanical standpoint and on 
account of their geological age, since this species helps to link up more closely the flora 
of the Calciferous Sandstone Period in Scotland with that recorded from the Culm and 
the Devonian on the Continent. 


GENERAL STRUCTURE. 


The structure of the stem is exceedingly simple. It consists of a fair-sized stele 
(the xylem being 3 to 5 mm. in diameter), surrounded by a cortical zone whose tissues 
are not as a rule preserved, though its limits are indicated. A typical transverse section 
of the stem-xylem is shown in PI. I. fig. 1; and in Pl. I. fig. 9, oc, the cortex is 
delimited by the lighter-coloured area surrounding the stele. The outer cortical zone 
is rather darker than the matrix containing the specimen, and so the outer boundary of 
the cortex is quite distinct, Pl. I. figs. 9 to 11, 0.c. In some specimens the dark outer 
layers of the outer cortex are preserved, but the cells do not appear to have been sclerotic. 

The xylem, however, is usually well preserved, or at least sufficiently so to be traced 
continuously through the block. Occasionally even the xylem has become partially 
decayed or disintegrated during petrifaction. As seen in Pl. I. fig. 1, the xylem of the 
stem is circular in transverse section, and consists of an outer and an inner zone x and 2’ 
respectively. The elements of the outer zone, which show a strong suggestion of radial 
arrangement, are long, pointed tracheides without any admixture of parenchyma. 
The inner tracheides are short, square-ended, and reticulately thickened; they are 
very distinct in Pl. I. fig. 7. The two kinds of wood can easily be distinguished, even 
in transverse section, for the elements of the inner wood are rather smaller in diameter 
than these of the outer xylem. They are not radially arranged, and the walls appear 
to have been more delicate, since these are often much distorted even in cases where 
no distortion is visible in the outer xylem (PI. I. fig. 1). In longitudinal section the 
distinction is exceedingly obvious (Pl. I. fig. 5, z and zw’). There is no secondary wood. 

Diplolabis roémeri, in possessing a solid stele with two kinds of xylem elements, 
closely resembles the Permian osmundaceous stem, Zalesskya gracilis (Hichwald), or 
more nearly Thamnopteris schlechtendaliw (Kichwald). Both of these stems have been 
shown by Kipston and Gwynne-VauGuaN (6) to possess an inner and an outer xylem. 
In habit, however, D. rémerz differs from these osmundaceous specimens, for its stem 
was long and often branched, while appendages were given off only at long intervals 
and not in a close spiral. Indeed, the whole appearance of the stem of this plant 
strongly suggests that it was a rhizome. Numerous petioles of Diplolabis rémeri occur 
associated with the stems described above, and in some cases such petioles can be traced 
‘into the stem. In the normal petiole the trace is X-shaped, or the two sides of the X 
may be separated by a horizontal bar of xylem )—(, or the trace may become quite 
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H-shaped by the two arms on each side leaving the horizontal bar at 90° (Pl. IV. fig. 42). 
At intervals pinnz depart from these petioles, and, except in a few details, the 
departure of the pinna-traces from the petiole-trace is exactly as RenavuLt has stated. 
His material was not complete enough, however, to show these details. In the Pettycur 
specimens I[ find that, shortly after the departing pinna-trace-bar* (Pl. IV. fig. 42 b) 
has left the petiole-trace (and while still in the cortex of the petiole), it divides up into 
several traces. The division is probably into two and then into four. Of these four 
traces, the two extreme are smaller than the two mean. ‘The large median strands 
soon become C-shaped and pass out into the pinne. PI. IV. fig. 42 shows the xylem- 
bar departing from the petiole-trace, while Pl. IV. figs. 43, 44, 45, 47, and 48, pin. tr. 
show the pinna-trace at different levels. 

The smaller traces on the extremes of the pair of pinna-traces become gutter-shaped 
or even rounded, and no doubt supplied aphlebie. They divide into two in passing 
through the cortex of the petiole, thus producing four traces which leave the petiole in 
pairs, one of each pair being derived from each of the original aphlebia-traces. These 
aphlebia-traces do not enter the pinne, but emerge at their bases. No such aphlebia- 
traces appear at the base of the petioles, but they are found at every normal pinna 
departure (Pl. IV. figs. 43, 44, and 45, aph. tr.). Similar bundles have been recorded by 
Witiramson (15) as departing at a similar level in the petiole of Mletaclepsydropsis 
duplex. He called them “ternary bundles,” 7.e. secondary pinne. ‘They are, however, 
specialised pinne, and, by their cortex remaining fixed to that of the petiole and of the 
pinna for a considerable distance, they would serve both to support the heavy pinnz to 
some extent, and to prevent these latter from snapping away from the petiole if the 
plant were subjected to any strain. 

As the two pinna-traces pass slowly out through the cortex of the petiole they diverge, 
and so, when the pinne themselves are free from the petiole, there is an angle of more 
than 90° between them. ‘This angle increases as they pass out. At the same time, the 
angle between the plane containing the two pinne and the vertical plane t+ of the petiole 
is a small one. The open side of the pinna-trace always faces the petiole; and the 
whole array of secondary pinne belonging to each primary pinna, #.e. each “spread” of 
secondary pinne, lies in a plane facing obliquely upwards towards the main rachis. 

The pair of pinne immediately succeeding are on the opposite side of the petiole; 
the next pair are inserted vertically above the first pair, and so on. There are thus 
four orthostichies of primary pinne, and therefore of secondary pinna-spreads, but the 
small angle between the plane of the two departing pinne and the vertical plane of the 
petiole, coupled with the large angle between the pair of pinnee, causes the whole frond 
to assume a more or less bilateral character (text-fig. 2). It is not bilateral in the 
sense that all the primary pinne face in one direction, for those on one side of the 


* It is convenient to have a special name for the arc of xylem formed by the fusion of the two entering pinna- 
traces. The pinna-trace-bar (the name explains itself) has been used for this xylem arc. 
+ See A. G. Tansey (14). 
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petiole face towards those on the other, 7.e. the petiole rachis is analogous to the stem of 
living ferns, since the pinne face the petiole in the same way that the fronds of modern 
ferns face the stem. 

Hach pinna-trace is at first bow-shaped, but the ends gradually turn inwards until 
they almost meet, thus giving a C-shaped trace. An intermediate stage between the 
bow-shaped and the C-shaped trace is shown in Pl. IV. fig. 47. In its subsequent 
divisions the pinna-trace gives off small bundles from its free ends alternately on each 
side. These, in turn, continue to divide in a similar manner. The ultimate branchings 


- Elevation 


Fig. 20. 


Fic. 2a.—Plan of the pinne on the rachis of Diplolabis rémeri. The tendency to a dorsiventral arrangement is indicated. 
Fic. 26,—Elevation showing the vertical arrangement of the pinne on the rachis. Pet. tr. = petiole-trace ; 
pin. tr.=pinna-trace ; aph. tr, =aphlebia-trace. 


of the pinne, the foliage, and the sporangia of this interesting fern are unknown, 
though Renavtr referred certain synangia to D. rémeri on the grounds of association. 
Mere association cannot, however, be taken as a criterion of any relationship between 
plant members which are discovered detached. 

Turning now to follow this petiole into the stem, we find that at a lower level of 
the petiole the parts corresponding to the vertical lines of the H bend outwards until 
the angle made by each of those four arms and the horizontal bar of the H becomes 
ever 150° (Pl. II. fig. 27). 

Kach of these arms has a protoxylem group near its apex on the inner side (PI. II. 
fig. 27, prx.). At this point the strands of a pair of reduced pinne join together, and 


718 MR W. T. GORDON ON 


the single bow-shaped strand thus formed then joins on to the )—(-shaped petiole-strand, 
bridging over the space between the two arms on one side of the petiole-trace and 
enclosing an island of parenchyma between the entering pinna-traces and the two arms. 
The island then becomes smaller in size and the xylem-bar divides in the centre, one 
half disappearing gradually into each arm. ‘The diminishing size of the arms in pro- 
portion to the horizontal bar is very marked at this stage (Pl. II. fig. 26). Another 
pair of traces of reduced pinne enter at a still lower level, and again a bridge is formed, 
but the island now enclosed is very small indeed compared with that enclosed by the 
pair of pinna-traces immediately above. ‘The petiole is still free from the cortex of the 
stem at this point. Continuing downwards, this second bridge is seen to bend in 
towards the inner margin of the island (Pl. III. fig. 40), which thus becomes reniform 
in shape, and ultimately the middle part of the xylem bridge fuses with the end of the 
horizontal bar of the H-shaped petiole-trace, cutting the island of parenchyma into 
two. It is just about this point that the petiole enters the cortex of the stem. The 
protoxylem groups are situated one in each parenchymatous island. ‘The xylem on the 
outside of these islands now disappears into the arms on each side just as in the case of 
the first-mentioned reduced pinna-traces, but, in disappearing, it leaves the end of the 
trace tridentate (Pl. III. fig. 34). The three arms are very short: two of them 
correspond to the two arms of the trace higher up, and the third—-the central arm—is 
produced by the union of part of the entering reduced pinna-traces with the base of the 
island of parenchyma which they enclose. 

At this stage another bridge of xylem joins into the petiole-strand and connects the 
ends of the two outer arms of the tridentate end; thus a reniform island is again 
produced. In this case, however, the two extremities of the island are on the inner 
side, 7.e. point towards the middle of the petiole-trace, whereas, in the former reniform — 
island, the two extremities pointed out from the trace. At least one protoxylem group 
enters the trace with this new strand, and so there appear to be three protoxylem groups 
bordering the island, one at each extremity and the third in a median position at the 
apex of the island (PI. IIL. fig. 31, pra, pra.,, prx.;). Further down, the two inner 
protoxylems fuse, and thus the tongue-like central arm of the trace disappears. In this 
way an elliptical island is substituted in place of the reniform one. The trace mean- 
while has become rather shorter and more dumb-bell shaped. The island of parenchyma 
soon dies out, and we are left with a double protoxylem group sunk in the xylem at 
each end of the dumb-bell shaped trace (PI. IL. fig. 21). The trace now becomes shorter 
and more rounded, while the double protoxylem groups unite in pairs. This takes place 
at each end of the trace, and so we have now one sunk protoxylem group at each end 
of an elliptical xylem. Immediately below this level the trace joins on to the stem 
without any gap being formed in the outer xylem zone of the latter. The petiole-trace 
gradually disappears into the stem, but the petiolar protoxylems can be followed down 
into it for a considerable distance before they disappear (Pl. II. figs. 21-16, and Pl. I. 
figs. 15 and 14). 
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HIsToLoGy oF THE STEM. 


The stem-xylem is of great interest, since it consists of tracheides without any 
admixture of parenchyma. Further, the thickenings on the walls of all the elements 
are porose or reticulate, a type which recent work has shown to be the most primitive of 
all. These reticulate thickenings can be distinctly seen in Pl. I. figs. 5 and 6. The 
inner zone of the wood, which is composed of short elements, appears to have offered less 
resistance to crushing strains than the outer zone, and, as a result, its tracheides have 
generally suffered considerable distortion during petrifaction (Pl. I. fig. 7). These inner 
xylem elements vary considerably in size; some are two or three times as broad as they 
are long, while others are much longer than broad; the diameter varies from 100 u to 
120 4. Where vertical rows of these short elements occur, there is a suggestion that 
they may possibly have arisen by the septation of long tracheides. No trace of xylem- 
parenchyma can be detected intermixed with these tracheidal elements, and hence we must 
conclude that the plant possessed a solid xylem axis, 1.e. the axis was a protostele. The im- 
portance of this will be seen later, when the systematic position of the species is discussed. 

Towards the outer boundary of the inner xylem narrow scalariform elements may 
occasionally occur. ‘These are shown in longitudinal section in Pl. I. fig. 8, where the 
thickenings are clearly scalariform. ‘Such groups constitute the protoxylem, though 
probably they are petiolar protoxylems which are decurrent into the stem for a consider- 
able distance, and not truly cauline. 

The elements of the outer xylem zone are greater in diameter than those of the 
inner zone, and they consist of elongated, reticulate tracheides with a mean diameter of 
160 «. Towards the periphery the elements tend to become slightly smaller. Some- 
times groups of small elements can be detected, as in Pl. I. fig. 15, prx.; these are the 
protoxylems of a petiole-trace which is being differentiated from the stem, and which 
will become detached higher up the stem. As mentioned above, these protoxylem 
groups die out as they pass downwards into the stem, but only after they have reached 
the boundary between the outer and inner xylem zones. Owing to the pseudo-cellular 
structure previously referred to, the tissues outside the stem-xylem are almost entirely 
disintegrated. There is no trace of phloém or of inner cortex that would warrant more 
than a passing notice, but small patches of the outer cortex are undoubtedly preserved. 
This outer cortex has no special features. It consists of a thick-walled parenchyma, but 
it contains nv sclerotic layers. 

From the stem there depart, at intervals, petioles and roots. The distance between 
the points of emission of any two petiole-traces is considerable. In no case, however, 
is the outer xylem-ring of the stem ruptured by such emissions, so that the inner xylem 
takes no part in the formation of the leaf-trace, 7.e. these organs leave the stem in a 
protostelic manner. The roots are quite irregular in their distribution, as can be observed 
in Pl. I. figs. 9, 10, and 11, where photographs of three successive sections are shown. 


These sections were cut rather thicker than usual, and they are about }in. apart. In the 
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first (fig. 9) a root (rt.) is passing towards the upper part of the figure from the left-hand 
lower corner: in the second (fig. 10) another is observed about to depart from the centre 
of the right-hand side (immediately below the petiole in the drawing, but really above 
the departing petiole-trace) ; while in the third (fig. 11), the root shown in the last 
figure is seen detached though still in the cortex of the stem, and another root is seen 
going towards the lower left-hand corner. This irregular distribution of the roots will 
be referred to again when we discuss the question whether the stem was a rhizome or 
an erect aerial shoot. 


Branching of the Stem. 
Several stems were examined, and in some cases they continued for a considerable 
distance. In one case, continuous serial sections were cut for nearly seven inches with- 
out reaching either end of the specimen. In the case of other stems occurring in the 
same block a considerable length could be followed, but the preservation was very bad. 
In these last examples, gaps occurred in the xylem-tissue, and in places it had all decayed 
away, though the same stem could be again recognised a few sections further on. In 
the parts of the stem which were continuous, branchings were sometimes met with, and 
in all cases the branching was dichotomous. Even at these bifurcations the outer 
xylem-ring remains unbroken, so that every departure from the stem, whether of root, 
petiole, or branch, is protostelic. In Plate I. figs. 1 to 4, the various stages of the 
branching are figured. ‘he first figure shows an almost circular cross-section of the 
stem-xylem, with no sign of an approaching bifurcation. In the next section the xylem 
becomes elliptical in shape and much larger. The inner zone increases in size along 
with the outer, and forms an ellipse concentric with that formed by the outer zone. In 
the following section (fig. 3), the inner xylem has become contracted in the centre and 
thus assumed a dumb-bell shape, while the outer xylem remains elliptical. At the 
next stage the outer xylem also becomes dumb-bell shaped, and the inner xylem divides — 
through the middle into two groups (fig. 4). The outer xylem of the stem is here — 
8-shaped with the inner xylem in the loops of the 8. With the outer xylem dividing 
through the middle, two equal branch strands are produced. It is interesting to note 
that the inner xylem never, on any occasion, abutted directly on the periphery of the — 
stele. It will be seen that this branching is distinctly protostelic, and also that it is a 
true dichotomy. In one case examined, the inner xylem showed a tendency to diminish 
in size just before the bifurcation, and in one of the branches of this particular dichotomy 
there is an almost entire absence of inner xylem for a short distance above the point of | 
bifurcation. In no case, however, is there any branch gap. 


HIstoLoGy OF THE PETIOLE. 


A typical transverse section of the xylem of a petiole is figured in PI. IV. fig. 42. 
This may be taken as the normal Diplolabis petiole-trace as described by RENAULT.” — 
* “Bass, houill. et perm. d’Autun et d’Epinac,” pp. 17 and 18, Gites minéraua, 1896, ’ 
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This xylem consists of a short rectangular central portion—the horizontal bar of the 
H—,* and four arms, one arising from each angle. These arms are thinnest where 
they join on to the horizontal bar of xylem, and they become considerably broader 
near their free ends. At their extremities, however, each arm tapers sharply and ends 
in an acute claw-like portion which is bent almost at right angles to the arm. The 
smallest elements are found in the sinus formed between the arm and the claw-like 
end. These claw-like ends are the beginnings of a pair of pinna-traces. They are 
not present just after the pinna-trace-bar (such as 6, Pl. IV. fig. 42) has departed from 
the petiole-stele. At the departure of the pinna-trace-bar the ends of the arms are 
blunt (Pl. II. fig. 29, and Pl. IV. fig. 42). In the latter figure—fig. 42—the blunt ends 
are indicated at a,a, but the bar b is only completely detached from the arms two 
sections higher up the petiole. The arms face one another in pairs, and so each end 
of the trace resembles a pair of engineers’ calipers, more or less closed, according as 
the pinna-traces are completely developed or not. In the figure referred to above 
(fig. 42), the space between one pair of arms is completely bridged over by the pinna- 
trace-bar (b), which at a later stage breaks away and divides to supply a pair of pinne. 
The pair of arms on the opposite side of the trace are also developing xylem which 
will ultimately form a complete bridge between the arms. In its turn, this bridge 
will leave the petiole-trace and give rise to the next pair of pinna-traces. This side 
of the petiole-trace shows remarkably well that each arm contributes equally to form 
the bridge (fig. 42, c, c). In Pl. I. fig. 29, another specimen is shown where there are 
no bridges between the arms, but the main trace is’ exactly similar to that of Pl. IV. 
fig. 42. This figure (29) represents a section at the outer end of a series (No. 3, 
text-fig. 1) which we shall follow in towards the stem. It is therefore a very important 
illustration, since the whole interpretation of the specific character of this plant depends 
on the identity of the petiole of fig. 42 with that of fig. 29. In another series, similar 
to No. 3, text-fig. 1 (viz. No. 2, text-fig. 1) the last stage shown is just slightly beyond 
that figured in fig. 29. The chief difference in this series is that a pair of reduced 
pinne are represented by their traces only. These traces are very small, but can 
easily be distinguished. They can be followed into the petiole-trace ; indeed, fig. 28 
(from Series 2) is the section where the last appearance of these reduced pinne can be 
detected. ‘lhe two left-hand arms in that figure are connected by a bar of xylem 
elements, though it can only be followed in the photograph for a short distance from 
the upper left-hand arm. The bar is merely a thread one cell deep, but it is complete. 

Returning now to fig. 29 and passing down the petiole, the first change to be noted 
is that the arms diminish in breadth near their outer ends, and remain either equally 
broad until they taper at their extremities (Pl. II. fig. 28, d and 27); or they diminish 
eradually throughout their length, and then suddenly taper as before at the ends 
(Pl. II. fig. 26). 


* The horizontal bar is equivalent to the “apolaire médiane” of Bertrand. (Vide Etudes sur la fronde des 
Zygopteridées.) 
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Each arm in Pl. II. fig. 28 is shorter in proportion to the length of the horizontal 
bar than is the case in fig. 29. Further in towards the stem (PI. II. fig. 27) the four 
arms bend towards one another in pairs, and on the right-hand side at p, and p,, two 
traces belonging to another pair of reduced pinnze can be distinguished. ‘hese two 
traces are connected together by a thin line of crushed cells, and there is also a con- 
nection between the two ends of the double trace and the tapering ends of the adjacent 
arms. ‘Thus we have in fig. 27 an island of parenchyma formed similar to that in 
Pl. IV. fig. 42, between the bar 6 and the two arms. In this case, however, the 
bar is poorly developed, and probably supplied a very reduced pair of pinne; the 
island is not so broad as that in fig. 42. 

We have now seen two pairs of reduced pinna-traces entering the petiole, and the 
only difference between them lies in this, that the lower pair is more rudimentary 
than the upper. For, in the upper pair, the traces were followed in through the 
cortex until they joined together, and the united trace became fused on to two adjacent — 
arms. In the lower pair, however, there was no actual fission of the two traces, 
though the xylem was aggregated into two large groups which were connected to the 
arms and to one another by a thin filament of xylem cells. Both pairs of reduced 
traces failed to reach the exterior; they disappeared in the outer cortex. Still 
continuing downwards, the lower combined pinna-trace disappears gradually into the 
arms, thus leaving them open. Below this level the arms are still closer than they 
were before (PI. II. fig. 26), and they are still shorter in proportion to the length of 
the horizontal bar, which now constitutes the bulk of the trace. ‘he trace has still, 
however, a typical zygopterid form, having four arms with a protoxylem group lying 
at the extremity of each. Still going lower down the petiole, we find the arms are 
again bridged over by what is probably the xylem-bar of a still lower pair of reduced — 
pinna-traces (Pl. II. fig. 25, 6). In this case, however, there is no evidence that the 
connecting bridge of the xylem was ever aggregated into two groups, but it remains 
as a thin strand one cell deep between the arms. Since the arms have become shorter, 
as indicated above, the island of parenchyma between the two arms and the connecting 
xylem bridge is very small. 

Before proceeding further, we had better recapitulate the results derived from — 
following the petiole-trace downwards. The arms of the petiole-trace have been 
reduced in length compared with the horizontal bar, they have arched over towards 
each other in two pairs, and they have lost the dilatations at their extremities. Three — 
pairs of reduced pinna-traces have been met with, and each pair is more rudimentary 
than the pair immediately above. We have now reached the stage represented in 
Pl. II. fig. 25. | 

Continuing inwards, the bridge shown in fig. 25, b bends in at its centre towards the © 
end of the horizontal bar (which now constitutes almost the whole of the petiole-trace). 
Thus the island formed by the bridge and the two small arms becomes reniform in shape 
(Plate III. fig. 40). The two ends of the island c, ¢ point outwards from the petiole- 
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trace. The central portion of the xylem bridge then unites across the centre of the 
island with the horizontal bar, and thus two small islands are produced (Plate III. 
figs. 39, 38, and 37, «s., 2s., and Plate II. fig. 24) with a protoxylem group on the 
inner side of each. The xylem on the outer edge of the two islands now thins out 
and gradually disappears into the two very short arms (Plate III. figs. 36 and 35), 
thus leaving the end of the trace open, with a prominence in the middle (fig. 34). 
The tridentate appearance is still more clearly seen in fig. 33. The petiole now enters 
the cortex of the stem. 

Immediately below the stage in the last figure, yet another bridge appears between 
the two arms (Plate III. fig. 32, d). In some of the slides examined, this bridge seemed 
to give rise to a root-trace, but it was always cut longitudinally, and could never be 
followed very far out. Whatever the trace belonged to, petiole or root, the bridge 
again connects the two arms, but it does not fuse with the central pillar of the 
tridentate end of the petiole-trace (Plate III. fig. 32). The persistence of the 
prominence causes the island to be reniform and it is concave outwards. 

Thereafter the reniform island becomes elliptical in shape (Plate III. fig. 30). 
This has obviously been derived from the other by the disappearance of the xylem 
separating the protoxylem groups. It is therefore permissible to conclude that the 
pillar was originally derived from the division of a protoxylem group, and the sub- 
sequent separation of the two parts by xylem-tissue. In the elliptical island only 
two protoxylem groups occur, one derived from the last trace which joined the petiole, 
and one from the fused petiole protoxylems. Thus the two protoxylem groups lie in 
a line parallel to the long axis of the petiole-trace. Up to this point the protoxylems 
at each end of the trace lay in lines perpendicular to that axis. The island of 
parenchyma now completely disappears, and the petiole-trace takes the form repre- 
sented in Plate II. fig. 22, where two groups of protoxylem elements prv., and prz., 
are found at each end of the trace. At the level of this figure the petiole-trace is 
rather dumb-bell shaped, but, at a lower level, it becomes more rounded in outline, 
Pl. II. fiz. 21. The double protoxylem groups are still, however, very distinct. These 
double groups eventually fuse into one as in Pl. II. fig. 20, pra., and pra... A similar 
succession can be traced in Plate I. figs. 11, 10, and 9. (The petiole-trace of fig. 11 
is shown more highly magnified in Pl. II. fig. 21.) In fig. 10 the trace is elliptical, 
and has also two double protoxylem groups, one at each end. These double proto- 
xylem groups are closer together than the corresponding groups in fig. 11. In fig. 9, 
only one protoxylem group is seen at each end, and it is derived from the double group 
of the petiole of fig. 10. 

In Pl. IL. fig. 20 the stem is also shown, and, in the section below, the petiole and 
the stem are fused together. Plate II. fig. 19 represents the second section below 
fig. 20, and there the petiole-trace is firmly fused to the stem-xylem. We have thus 
followed the Diplolabis petiole of Pl. II. fig. 29 into the stem of PI. I. fig. 1. 

The lowest trace which departs from the petiole is quite close to the point where 


724 MR W. T. GORDON ON 


the latter joins the stem, and among other ferns, e.g. the Osmundacee, this is exactly 
where numerous roots occur. This trace, therefore, may quite well be a root. 

One point which must be noticed here is that the two ends of the petiole-trace never 
show the same stages simultaneously. The difference in development of the departing 
traces at opposite sides of the petiole increases as we ascend. At the level of Pl. II. 
fig. 23, the difference in phase of the traces at the two ends is not great. The ends 
of this trace are shown more highly magnified in Pl. IIL. figs. 33 and 41. From 
a comparison of fig. 41, showimg one end of the trace, with fig. 36, showing the 
other end at a higher level, it will be seen that they are in the same phase. Between 
these two sections two others were prepared, so that the difference in phase between 
the two ends of fig. 24 corresponds to about four sections, or 4} in. to + in. Near 
the union of the petiole with the stem the difference in phase is much less. In Pl. L 
fig. 10, pet. tr., the only dissimilarity is that one end of the trace has become free 
from the stem before the other. This difference is always exhibited until the xylem 
of the petiole has become completely merged in that of the stem, as is shown in PI. II. 
figs. 19, 18, and 17, where the top part of the trace is distinctly more merged in the stem 
than the lower end. In fig. 18 the petiole-trace as a whole is becoming completely 
incorporated into the stem-xylem, and in fig. 17 the fusion is still more perfect. The 
petiole-trace has now lost its identity except for the protoxylem groups which are still 
very distinct (prx., and prz..). 

The stage before fig. 17 is seen in PI. II. fig. 16, where again the protoxylem groups 
are distinct (pra., and pra.,). The elongated shape of the whole stem-xylem, the trun- 
cated outline at one end, and the two distinct protoxylem groups are the only indica- 
tions of petiolar departure that can be seen. PI. I. figs. 15 and 14, represent still earlier 
stages in the departure of the petiole-trace, and the protoxylem groups are coming to lie 
almost on the periphery of the internal xylem. At the earliest stages observed, the stem- 
xylem is slightly elliptical, with two adjacent protoxylem groups lying at the border 
of the inner xylem. This fact that the petiole is decurrent into the stem for such a long 
distance makes it impossible to say whether the stem had protoxylem groups peculiar 
to itself or whether the only protoxylem groups present belong to the petiole-traces. 

Among the Botryopterideze we meet with this same difficulty. Another interesting 
fact is that, as in the Botryopteridexe, the tracheides of the petiole of Dzplolabis 
rémert are larger than those of the stem. The average diameter of a stem tracheide is 
160 » for the outer xylem and 100 » to 120 u for the inner xylem. The average for 
the petiole-trace is 200 u. This difference in size of the tracheides of stem and petiole — 
is very marked in Botryopteris antiqua Kidston. 

As mentioned above, the stages of the petiolar departure were examined in more — 
than one series, but no one series gave a complete sequence of these stages. There is, — 
however, a great amount of overlapping (see text-fig. 1), and it has been possible to 
give an estimate of the distance between the departure of the petiole-trace from the — 
stem, and its assumption of the typical Diplolabis form. This distance is between — 
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6°5 ins. and 7 ins. In order to show clearly the early stages of the petiole-trace figured in 
Pl. II. figs. 21 to 24, and Pl. III. figs. 30 to 34, I have inserted text-fig. 3, where only the 
petiole-trace outline, the protoxylem groups, and the islands of parenchyma are indicated. 

We shall now return to Pl. IV. fig. 42 and examine the departure of the pinnz from 
the normal petiole-trace. In that figure two distinct stages of pinna-trace departure 
are seen. On the left-hand side, the two claw-like projections from the arms are very 
distinct, whereas, after the departure of a pair of pinna-traces, the extremities of the arms 
become exactly like those on the left-hand side of PI. II. fig. 29, with blunt ends, though 
short claws soon appear as on the right-hand side of that figure. 

Since the ends of the arms are enlarged equally in fig. 42, the arms apparently take 
an equal share in the formation of the pinna-traces. On the right-hand side of fig. 42 
the claw-like processes have united in the centre. Ata, a the line of abscission along 
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Fic. 3, —Outline drawings of the early stages of the petiole-trace. The protoxylem groups are shown as black dots. 
The arrows indicate the path of these protoxylem groups as they come to lie at the ends of the short arms, 


which the bar of xylem 6 will break away from the arms of the petiole-trace is very 
distinct. Along the bar itself groups of small cells are easily seen ; these are the proto- 
xylem strands, and they are arranged in a perfectly symmetrical manner with regard to 
each other and to the horizontal plane of symmetry of the trace. When the bar be- 
comes detached from the petiole-trace it breaks up into two and then into four strands. 
The two inner (Pl. IV. fig. 43, pon. tr.), which are much larger than the two outer 
(aph. tr., aph. tr.), are destined to supply the pinne. These four strands continue in 
the petiole cortex for a considerable distance before they diverge into the various organs 
they supply. In the specimen figured in Pl. I. fig. 12, the traces supplying the two 
pinnee can be recognised quite distinctly at the lower end of the specimen, as is proved 
by sections cut from that end. This means that they continue to travel upwards in the 
petiole as distinct, separate strands, without showing any change in form, for nearly 
three inches before they pass out into the pinne. In shape the two larger traces 
resemble that shown in PI. IV. fig. 47, though at first they are rather flatter (Pl. IV. 
fig. 43, pet. tr.). Higher up they become still more curved (PI. IV. fig. 44), and finally, 
in the pinna, form almost a complete ring. Where the secondary pinna-traces are given 
off from the primary pinne, the ring becomes more horseshoe-shaped (Pl. IV. fig. 48). 
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In Pl. IV. fig. 44 the pinna-traces are cut very obliquely, but it is obvious that they 
would be almost circular in outline had they been cut transversely. In fig. 45 of the 
same plate, the section above fig. 44 is shown. The pinna-trace on the right-hand side 
is cut almost longitudinally as it is passing into the pinna. The trace on the left-hand 
side has already passed out. These traces really pass out on the same level, but this 
section is not perfectly transverse. 
The smaller pair of bundles, derived by division of the same bar as gave rise to the 
pinna-traces, are also seen in figs. 44 and 45. Im fig. 44 they have each bifurcated 
(aph. tr.). One branch of each bifurcation passes rapidly through the cortex of the 
petiole to the outside, while the other branches continue for some distance further in 
the petiole and then they also bend suddenly outwards. The presence of large aphlebize 
in this position supports or buttresses the departing pinnee, which are each almost as 
large as the petiole they sprang from. 
Each primary pinna-trace passes into a separate pinna; neither is atrophied; then 
each gives off traces, alternately on either side, to supply the secondary pinne. In 
Pl. IV. fig. 48 one of the pinna-traces is seen. At the lower left-hand corner is one of 
the secondary pinna-traces (p,), on the right-hand side of the primary pinna-trace 
another secondary trace (2) is seen, while a third (3) has just become detached on the 
left-hand side. 
The tissues of the’ petiole, external to the xylem, are occasionally well preserved. 
This is especially true of the specimens found isolated in the tuffs at Pettycur House. 
In the specimen figured in PI. IV. fig. 46 there is a layer, two to three cells deep, on the 
inner side of the arms, which consists of very delicate tissue of small elements. Probably 
it is due to the xylem of the arms offering some protection to this tissue against decay 
that it is preserved at all. In the island of parenchyma enclosed by the arms of the 
petiole-trace we also find the inner cortex to some extent preserved. Outside the layer — 
of delicate tissue referred to, there is a zone of decayed tissue probably representing the — 
phloém and other stelar tissues. Outside this, patches of cellular tissue are occasionally 
preserved ; these patches consist of delicate parenchyma and are the remains of the inner — 
cortex. One patch is shown in PI. IV. fig. 46, 7.c. This inner cortex probably extended 
all round the petiole stele, tilling in the clear space usually seen between the petiole-trace — 
and the outer cortex. ‘The outer cortex forms a stout zone surrounding the more internal 
tissues, and may be divided into two parts, an inner and an outer. The inner consists 
of typical thick-walled parenchyma, and the outer consists of sclerotic cells. The 
sclerotic outer cortex is figured in Pl. IV. fig. 50, and the inner portion of it can be- 
distinctly seen in Pl. LV. fig. 46, and also fig. 43. 


HistoLogy or THE Roor. 

The examination of the root has proved less satisfactory. It is small in diameter 
compared with the stem (PI. I. fig. 4, rt. tr.), but very large for a root. Usually great — 
numbers of these roots are seen detached and scattered all through the block, but one | 
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or two examples have been found in continuity with the stem. A typical transverse 
section is shown in PI. IV. fig. 49; it consists of an elliptical mass of xylem with a 
protoxylem group at each end. Like the xylem of the stem and petiole, that of the 
root consists of scalariform and reticulate tracheides, the former occurring in the pro- 
toxylem groups. As has been pointed out, when considering the histology of the stem, 
these roots appear to rise irregularly and not in definite rows. 

Root-like bodies were also noted as occurring near the base of the petioles. Un- 
fortunately, the sections showing these somewhat peculiar traces in this position pass 
through the petiole transversely, and therefore through these traces longitudinally. 
They did not extend for any distance, and so all that can be stated with confidence at 
present is that they were certainly not normal pinna-traces. On the other hand, they 
may not have been roots, but bundles supplying outgrowths of the petiole base just as 
similar bundles pass out higher up at the pinna-trace departures to supply aphlebie. 
Further evidence, however, is necessary, and this evidence may be supplied in the 
future when well-petrified specimens of the stem are discovered. The locality at 
Pettycur House may possibly yield such examples. 


SUMMARY. 


The stem of Diplolabis rémer is circular in transverse section, and consists of 
xylem without any conjunctive parenchyma. The xylem is aggregated into an inner 
zone of short tracheides and an outer zone of long tracheides. The internodes are long 
and the stem is frequently branched. 

The petiole-trace is at first elliptical, with two sunk protoxylem groups, but it 
rapidly elongates until it resembles that of Clepsydropsis in shape. Further up the 
petiole, the trace is similar to that of Zygopteris ; but, still higher up, it assumes the 
form of the normal Diplolabis petiole-trace. 

The root-traces are barrel-shaped, or elliptical, with a peripheral protoxylem group at 
each end, z.c. they are diarch. 

The cortex is not generally well preserved except in the petiole. Two regions may 
be distinguished in this tissue, an inner and an outer. ‘The outer zone in the petiole is 
sclerotic towards the periphery. In the stem cortex, however, there is no evidence of 
sclerenchyma. 


Diplolabis, B. Renault, 1896. 


The characters of the genus are those of its only species, D. romerv. 


Diplolabis rémeri (Solms). 


1892. Zygopteris romert, Solms, “ Ueber d. in d. Kalks. d. Kulm v. Glatzisch-Falkenberg in S. erhalt. 
Strukturb. Pflanzenreste,” Botan. Zeitung, vol. 1., 1892. 

1896. Déplolabis esnostensis, B. Renault, “Bass. houil. et perm. d’Autun et d’Epinac” (fig, 11 &@ 14, 
pp. 17 e¢ 18). 
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1896. Rachiopteris esnostensis, B, Renault, “Bass, houil. et perm. d’Autun et W’Epinac” (pl. xxx. fig. 5 @ 8). 
1896. Diplolabis forensis, B. Renault, “Bass. houil. et perm. d’Autun et d’Epinac” (fig. 6 a 10, 
pp. 14 e¢ 15), 
1908. Flicheia esnostensis, F. Pelourde, “‘ Observations sur un nouveau type de Petiole fossile le Flicheia 
esnostensis, noy. gen., n. sp.,” Mémoires de la Société W’ Histoire naturelle d’Autun, xxi. 
1909. Zygopteris pettycurensis, Gordon, Report British Association, Winnipeg, 1910. 


Localities. Devonian of Falkenberg, Culm of Autun, and Calciferous Sandstone of 
Pettycur, Fife. 


DIAGNOSIS. 

Stem long, frequently branched, the xylem strand consisting of two kinds of 
tracheides. Inner tracheides short, square-ended, reticulately thickened and arranged 
more or less in vertical rows. Outer tracheides long, pointed, reticulately thickened, 
rather larger than the inner tracheides. No xylem parenchyma present. Xylem strand 
circular in transverse section and from 3 to 5 mm. in diameter. Inner xylem 1°5 to | 
3 mm. diameter. Protoxylem groups of scalariform tracheides probably belong to the 
decurrent petioles and not to the stem itself. They are seen either between the inner 
and outer xylem, or passing through the outer xylem. Cortex of stem without scleren- 
chyma. Root-traces very large, barrel-shaped, diarch. 
Petiole-trace at first elliptical but gradually becoming H or X-shaped; the arms 
inclined at a high angle to the cross-bar of the H. Protoxylem groups, of scalariform 
tracheides, situated one near the apex of each arm, in a sinus. ‘Tracheides of petiole- 
trace reticulately thickened. nds of the arms dilated. Pinne in four orthostichies. 
Pinna-traces inserted on the arms of the petiole-trace in pairs. Each pair unites to 
form a bar of xylem before it joins the arms. Two small aphlebia-traces, one on each 
side, join the pair of pinna-traces. The four fused strands constitute an are or bar of 
xylem which closes over the ends of the two arms. The bar encloses with the two arms — 
a large triangular island of parenchyma. ‘Trace of the pinna horseshoe-shaped, and not — 
unlike that of Metaclepsydropsis duplex. Secondary pinna-traces tend to assume the 
same shape as the primary ones. 
Aphlebia-traces branch once, one branch passing out at a higher level than the other. 
Sporangia and foliage unknown. 


CONCLUSIONS AND GENERAL CONSIDERATIONS. 


From the characteristic form ultimately assumed by the petiole-traces which arise 
from the stem described above, there can be no doubt that the stem is that of a 
Diplolabis. The petiole to which this generic name was applied has now been 
recorded from three localities, from the Devonian rocks of Falkenberg, from the Culm 
measures of Autun, and from the Calciferous Sandstone Series of Pettycur, Fife. 
Among the specimens from these localities no characters can be found sufficiently 
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distinguished from D. rémer1, or at least, although the original specimens appeared 
different, there are no characters which might not easily occur among different 
individuals of the same species. The only difference between D. forensis and D. 
romeri is apparently the greater length of the horizontal bar of the trace as compared 
with the length of the arms, and its consequent relatively thinner appearance. This is 
exactly the sequence shown in Dzplolabis romeri in the same petiole, as we trace it 
upwards. Indeed, PI. II. fig. 28, would be called D. forensis, and fig, 29 D. rémeri. 1 
therefore propose to include D. forensis under the name D. rémerv. 

I have already mentioned that D. rémeri had a creeping rhizome, and the evidence 
on which the assertion is made may be briefly stated here. The grounds for this are 
(1) the internodes are very long; (2) the stem frequently branches; (3) the xylem of 
the stem is about 4 mm. diameter while that of the petiole is 6 mm., 7.e. the petioles 
are very heavy in proportion to the stem; (4) the pinne are arranged in four ortho- 
stichies, and the petiole must therefore have been held erect; (5) the roots are given off 
irregularly and in all directions; (6) there is no evidence of any sclerenchyma in the 
stem. Taken together, these afford sufficient evidence in support of the contention that 
the stem was a creeping rhizome, the petioles being held erect as in Pteris aquilina. 

The elements of the stem-xylem are reticulate tracheides and there is no conjunctive 
parenchyma. The xylem, however, consists of two zones, the inner of short elements 
and the outer of long elements. The stem is therefore a good example of a protostele. 
The elements are all reticulate, and therefore belong to the most primitive type known ; 
but, since there are two distinct types of tracheide in the stem, the latter cannot be 
considered the most primitive possible protostele. In more primitive stems we would 
expect to find only one type of reticulate tracheide, namely, the long type, and, in that 
the tracheides of the inner xylem of D. romeri are usually arranged in vertical rows, 
this more primitive stem is distinctly indicated. It appears as if the short tracheides 
were derived from long ones, by the latter becoming segmented. The stem-xylem of 
D. rémeri, therefore, probably represents a stage in the development, first, of a stele 
with a mixed pith, and finally of a medullated monostele. 

The discovery of a solid zygopterid stem similar to that of the osmundaceous plant 
Thamnopteris—i.e. with two types of wood and no xylem-parenchyma—-has been foretold 
by Kinston and Gwynnz-Vaucuan. The stem of D. +dmeri exactly suits this prophecy, 
and its discovery is a striking testimony to the high probability of the truth of a theory 
which they have recently elaborated. We would naturally expect to find the most 
primitive types among the oldest rocks, and the stem of D. rdmeri also bears out this 
expectation. The plant has been recorded in Devonian and Calciferous Sandstone 
(Culm) rocks, all of which contain a more ancient type of flora than that of the Permo- 
Carboniferous series. All the other zygopterid stems belong to higher horizons and 
are less primitive. Among the Zygopteridex, the stems of Ankyropteris corrugata 
(Williamson) and 4. Brongniarti (Renault) show the strongest superficial resemblance 
to D. rémeri, but their tracheides are scalariformly thickened, and both possess a paren- 
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chymatous pith with a system of imternal tracheides. The other known zygopterid 
stems are still more complicated and distinct. Thus, among the known Zygopteridez 
the stem of D. rémeri is the most primitive in its anatomy, and it is also among the 
earliest known zygopterids in time. _ 
The position of this genus in the zygopterid alliance is exactly paralleled by that of 
Thamnopteris schlechtendalii (Kichwald) among the Osmundacex. In this latter species 
a solid protostelic stem-xylem is also present, but again it is not the most primitive 
stele conceivable on theoretical grounds. The internal short tracheides are reticulately 
thickened, but the outer long elements have multiseriate pits on their walls. Probably 
more primitive examples of the Osmundaceze possessed porose or reticulate tracheides. 
We have seen that the shape of the trace at different levels in the petiole is very 
cistinct. If sections cut near the base of the petiole were compared with sections cut 
higher up, they would be classed in different genera according to current nomenclature. 
Of course, it is just at the base of the petiole that we would expect ancestral characters 
to be preserved, and this, I think, is what actually oceurs. The trace at first is elliptical, 
with a sunk protoxylem group at each end, but without any islands of parenchyma. 
In one specimen examined, this elliptical shape is retained even after the islands of 
parenchyma do appear, and then the trace bears a strong resemblance to that of Dineuron. 
In all the other examples, however, the trace has become dumb-bell shaped before the 
islands are present. At this stage (PI. II. fig. 22) the trace resembles to a great extent 
that of Clepsydropsis antiqua. The single elliptical specimen, on the other hand, is 
distinctly similar in form to Dineuron. 
Returning to the normal Clepsydropsis stage we find that, at the first departure 
from the petiole-trace, viz. the trace of the root-like body (or, it may be, very reduced 
pinna-trace-bar), a constriction forms across the island of parenchyma. On this trace 
departing from the petiole-trace the end remains open, whereas in Clepsydropsis the 
constriction becomes complete and the departing trace is a closed ring, while the end of 
the trace is also closed. Further along the petiole, in D. rémerz, the short arms (PI. Il. _ 
fig. 24, and PI. II. fig. 33), which are formed by the first departing trace leaving the — 
end of the petiole-trace open, become larger and longer until a stage closely resembling 
that of the normal petiole-trace in Zygopteris promaria results. Still passing upwards — 
in the petiole, the arms of the trace become more and more prominent, and the 
horizontal bar less so, until the normal Diplolabis type is attained. In this one petiole, 
therefore, the trace at different levels is exactly similar to the characteristic petiole- — 
trace in three of the more primitive members of the Zygopterideee (if we regard simplicity _ 
of the xylem of the petiole as synonymous with primitiveness). There are thus the 
Clepsydropsis, the Dineuron, and the Zygopteris stages. When the stems of any of — 
these three genera are discovered, we shall expect to find that their stem is at least as 
simple in structure as that of D. rémeri, and probably more so. 
In brief, the changes in the petiole-trace of Diplolabis, as we ascend in the petiole, 
may be stated as follows :—The arms of the H or X become more and more important 
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in comparison with the horizontal bar the higher we go, until a constant stage is reached. 
This constant stage we may regard as the normal Diplolabis petiole-trace. Thus we 
cannot regard the Zygopteris prumaria trace as derived from that of Diplolabis, but we 
must consider the Dzplolabis trace as having been evolved through a Zygopterrs 
primaria stage. It is also clear that the Zygopteris primaria stage must come some- 
where between the Clepsydropsis stage with the arms non-existent, and the Diplolabis 
stage with the arms dominant. 

As far as we can judge from the sequence shown in the petiole-trace of Diplolabis 
romeri, the earliest zygopterid petiole-trace must have been elliptical, with two sunk 
protoxylem groups—one at each end. A petiole with such a trace is, of course, entirely 
hypothetical; but, if the early stages of the petiole-trace of Diplolabis are of any 
phylogenetic value, such a type must certainly have existed at some previous time. 
This type we may call the Protoclepsydropsis petiole. The stem of this type would 
have been solid, as in Diplolabis, but probably all the tracheides would be of one type. 
The traces which would depart from such a stem must of necessity have done so in a 
protostelic manner. If the petioles were given off at infrequent intervals, the general 
shape of the xylem would be circular in transverse section, 7.¢. similar in outline to that 
of D. romeri. But if, on the other hand, the internodes were short, then a stellate 
form would be impressed on the xylem, since more than one trace would be shown 
connected with the stem in any transverse section. M. Paut Brrrranp has derived 
the Zygopteridez from a different type, also hypothetical—the Hoclepsydropsis—with 
a stellate stem-xylem. This stem, however, has a pith, and the islands of parenchyma 
are shown decurrent into the pith of the stem.* The stem of Diplolabis throws some 
further light on this question, and the Protoclepsydropsis, as defined above, seems to be 
more in accordance with the known facts than the Hoclepsydropsis. Further, the 
Protoclepsydropsis comes much nearer to the type from which the Osmundaceze appear 
to have been derived, but this will be considered shortly. The relationships of the 
Zyeopterideze immediately connected with Diplolabis may be expressed in the table of 
text-fig. 4. 

From the hypothetical type, Protoclepsydropsis, the other zygopterid stems have 
been derived by the formation of a pith. As has been lately pointed out, the increase 


in diameter of the stem-xylem probably causes the central tracheides to become func- 
tionless as far as water conduction is concerned, though they probably serve as storage 
tissue. With this change of function the shortening of the tracheides may be correlated. 
D. r6merr exhibits this type of stem-xylem. A still further extending of the idea 
shows how the Ankyropteris corrugata type would be evolved from the Duplolabis. 
The tracheides would never be differentiated as such, z.e. the cells would remain 
parenchymatous. 

Our conceptions of paleozoic fern genera are eradually becoming clearer, and the 
work of BerTRAND, Kipsron and Gwynnr-VauGcHan, ArBur, TANSLEY, and others have 


* Etudes sur la fronde des Zygoptéridées, p. 261. 


732 MR W. T. GORDON ON 


indicated that a strong family likeness exists between the Osmundacex, Zygopterrdee, 
and Botryopteridex. The discovery of the stem of Dzplolabis has still further 
strengthened this general position, as it indicates that evolution in the zygopterid stem- 
xylem was along the same lines as that shown in the Osmundacez. 

In their petiolar structure the Botryopterrdex seem to stand much nearer the 
Osmundacee than are the Zygopterider. In Botryopteris antiqua Kidston, for 
example, I find that the petiole-trace has a single sunk protoxylem group which lies 
adaxially in the trace and soon comes to lie adaxially on the periphery of the trace. In 
its subsequent divisions the trace gives off primary pinnee in two orthostichies. This is 
quite similar to the osmundaceous trace, which in general has a sunk protoxylem group 
on the adaxial side. Gradually the trace opens up on the adaxial side as we ascend 


Profocleps ydropsis 


ae 


Dineuron 


Cult 


Clepsydropsis 


Mefaclepsydropsis Efapteris 


Lower 
Carboniferous 


Diplolabis 


Megsures' 


Zygopléris 


” Permian 


Fic. 4.—Table illustrating the relation of Diplolabis to the other Zygopteridee in which two pinna-traces are 
derived from a single pinna-trace-bar. 


until it becomes horseshoe-shaped ; the protoxylem strand has meanwhile divided into 
several branches, all lying on the inside of the horseshoe-shaped trace. Here, again, 
there are two orthostichies of primary pinnee. 

The Zygopteridex, on the other hand, have two sunk protoxylem groups in the | 
petiole-trace, and two or four orthostichies of primary pinnee. In the cases where there — 
are four orthostichies, the arrangement of the pinne on the rachis would not appear to 
have been very successful, for the pair on one side must necessarily shade the pair on 
the other side, if the petiole were held flat; if the petiole were held erect, as was i 
ease in D. rdmeri, the higher pinnee would shade the lower. 

The discovery of Kipsron and Gwynne-VauGHAN, that several traces in their speci- 
men of Thamnopteris schlechtendali possessed two protoxylem groups, is exceedingly 
interesting as connecting the osmundaceous leaf-trace with the zygopterid type of trace. 
Thus Thannopteris schlechtendalii scems to indicate an ancestral relationship waa the 
Zygopleridex. . 

In stem structure the Botryopteridex ave certainly more primitive than either of 


THE STRUCTURE AND AFFINITIES OF DIPLOLABIS ROMERI (SOLMS). 733 


the other two groups—the Zygopteridex and the Osmundacer, though the petiolar 
structure is not more primitive than that shown in the Osmundacex. On the whole, 
the Botryopteridex seems much nearer the osmundaceous type than are the Zyyopteridex. 
Indeed, the Zygopteridex seem to form a side branch from the main line of fern descent, 
which did not survive into the Mesozoic period. The Osmundacex, on the other hand, 
seem to have been a late branch, which was better suited to the conditions prevailing 
in Mesozoic and Tertiary times, and therefore they have persisted until to-day. 

In conclusion, I desire to express my thanks to the many friends who have given 
me assistance in my work. I am especially indebted to Mr ArBer, under whose super- 
vision | have carried on my research. ‘The Master and Fellows of Emmanuel College, 
Cambridge, have supplied me with the machinery necessary for the preparation of sections, 
and Professor T. M‘Kenny Hucues has given me every facility in his laboratory at the 
Sedgewick Museum, Cambridge. I have also to thank Professor JamEs GEIKIE for 
similar facilities in Edinburgh University and for communicating this paper. Finally, 
1 am greatly indebted to Dr Kinston, Professor Gwynnz-VaucHan, and Dr Scort for 
many valuable suggestions and the advice they have given me in this research during 
the past two years. 

My thanks are also due to the Executive Committee of the Carnegie Trust for a 
erant to defray the cost of the illustrations in this paper. 
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EXPLANATION OF PLATES. 
(Figures are all from untouched negatives.) 
Prats I. 
Diplolabis romert. 
Fig. 1. Transverse section of stem-xylem. a. =outer xylem; «.1=inner xylem. x12. (Slide 742.) ‘ 
Fig. 2. Transverse section of stem near a dichotomy. «.=outer xylem; x.1=inner xylem. x12, 
(Slide 735.) 
Fig. 3. Section following that of fig. 2. #.=outer xylem; 7.1=inner xylem. x12. (Slide 736.) 
Fig. 4. Section following fig. 3. «= outer xylem ; a.'=inner xylem ; r¢, ¢7, =root-trace (compare relative — 
size of root and stem). x10. (Slide 737.) 
Fig. 5. Longitudinal section of stem-xylem. #.=outer xylem; w.1=inner xylem. x10. (Slide 806.) 
Fig. 6. Longitudinal section of outer xylem showing reticulate fitting of tracheides. x30 (Slide 806.) — 
Fig. 7. Longitudinal section of inner tracheides, showing the short tracheides with reticulate thickenings. — 
x48. (Slide 807.) — 
Fig. 8. Longitudinal section of protoxylem elements with scalariform thickenings. x 130. (Slide 338.) 
Fig. 9. Oblique transverse section of stem-xylem near a dichotomy. One arm of the branch is cut trans- 
versely (st.,), the other is cut obliquely (s¢.,). A petiole and a root are also shown passing out. st, stg =1 
two branches of thedichotomy ; pet, tr. = petiole-trace ; 77. ¢7. = root-trace ; 0, c, = outer cortex. x 3°2. (Slide 33 
Fig. 10. Section following that shown in fig. 9, st.=stem-xylem ; pet. tr. = petiole-trace ; rt. tr. =r0 
trace ; 0. c.=outer cortex; z.=root-trace lying outside the stem-cortex ; z.!=petiole-trace external to outer 
cortex. x32. (Slide 337.) 
Fig. 11. Section after fig. 10. Lettering similar to that of fig. 10. 7. ¢. = root-trace of fig. 10 after the 
xylem has become detached from that of the stem; 7. t7.1=root-trace, leaving the stem at a higher level than 
the former. x 3°2. (Slide 336.) 
Fig. 12. Specimen of petiole with pinne departing fromit. Elevation. pet. =petiole; pir.=pinna. x %. 
Fig. 13. Same specimen as fig. 12. Plan. pef.=petiole; pin.=pinna, x 5. 7 
Fig. 14. Transverse section of stem showing an early stage of petiole departure. «x, =outer xylem; 
v1 =inner xylem; prw., pra. =petiolar protoxylems. x10, (Slide 771.) a * 
Fig. 15. Transverse section of stem following that of fig. 14. a, =outer xylem; «.1=inner xylem; pre., 
prx.=petiolar protoxylems. x10. (Slide 772.) : 


Puare II, 

Diplolabis rémert. 

Fig. 16. Transverse section of stem and petiole following fig. 15. a.=outer xylem; a.1=inner xylem ; 

prz., pr“.=protoxylem, x10. (Slide 773.) 

Fig. 17. Transverse section above fig. 16. a. =outer xylem; «.1=inner xylem; pra., pre. = protoxylem. 

x10, (Slide 775.) 

Fig. 18. Petiolar departure, later stage than fig. 17. Petiole-trace distinct. .=outer xylem ; x.!=inner 
xylem ; prv., prx.=protoxylem. x11°6. (Slide 740.) 

Fig. 19. Petiolar departure, stage beyond fig. 18. a, .,1 and pra. as before. x 11-6. (Slide 741.) 
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Fig. 20. Petiolar departure, petiole-trace free from stem-xylem. w., x.,! and prax., as before. x 11°6. 
(Slide 742.) 

Fig. 21. Petiole-trace—transverse section—while still in cortex of stem, Each protoxylem has divided 
into two. pre.,, prx.}, pra.o, prx..'=protoxylems. x75. (Slide 336.) 

Fig. 22. Transverse section of petiole-trace similar to that of fig. 21, but slightly further out. It is still, 
however, in the stem-cortex. Lettering as before. x10. (Slide 285.) 

Fig. 23. Transverse section of petiole-trace beyond fig. 22. ¢.=tongue of xylem ; 7s., 2s. =island of paren- 
chyma; d.=departing trace (root?). x10. (Slide 343.) 

Fig. 24. Section following fig. 23. ¢.=tongue of xylem; is., 7s.=island of parenchyma. x11. (Slide 
344.) 

Fig, 25. Stage after fig. 24. b.=xylem-bar (the united traces of two reduced pinne) ; 7s., 7s. =islands of 
parenchyma, one large one at top and two small ones at lower end. x11. (Slide 348.) 

Fig. 26. Stage following fig. 25. prx.=protoxylems. Arms are now distinct. x10. (Slide 284E.) 

Fig. 27. Stage beyond that of fig. 26. pra. =protoxylem ; p.,, p.. = united traces of a pair of reduced pinne ; 
the traces are connected together by a thread of xylem. x7. (Slide 719.) 

Fig. 28. Stage above fig. 27. Trace similar to that of Diplolabis forensis Renault. pra. =protoxylem. 
x7. (Slide 726.) 

Fig. 29. Stage following that of fig. 28. This is the normal Diplolabis rémeri trace. prx.=protoxylem. 
x7. (Slide 699.) 


Puate III, 
Diplolabis rémert. 
Series of photomicrographs illustrating the changes in the petiole-trace. 

Fig. 30. One end of a transverse section of peliole-trace above stage of Pl. II. fig. 22. ids. =island of 
parenchyma. x25. (Slide 341.) 

Fig. 31. Section above fig. 30, same end of trace. ¢.=tongue of xylem; prx.=protoxylem. x 25. 
(Slide 342.) ; : 

Fig. 32. Next section above fig. 31. #¢.=tongue of xylem; d.=departing trace (root?) x 25. 
(Shde 343.) 

Fig. 33. Section above fig. 32. Note tridentate end of trace. x22. (Slide 344.) 

Fig. 34. Following fig. 33. Arms closing over to unite with xylem tongue. X25. (Slide 345.) 

Fig. 35. Section following fig. 34. Arms united with tongue of xylem. Two islands. x 25. 
(Slide 346.) 

Fig. 36. Stage after fig. 35. The two islands of parenchyma are very distinct. x25. (Slide 347.) 

Fig. 37. Trace beyond stage of fig. 36. ds., 7s. =the two islands of parenchyma. x25. (Slide 348.) 

Fig. 38. Section above that shown in fig. 37. is., 7s. =islands of parenchyma, x25. (Slide 349.) 

Fig. 39. Stage after fig. 38. s., 7s. =islands of parenchyma. x25. (Slide 350.) 

Fig. 40. Two sections above fig. 39. The two islands have united into one. c, c=two ends of reniform 
island of parenchyma. x25. (Slide 352.) 


Fig. 41. Trace of fig. 33, other end of trace, to illustrate the difference in phase of the two ends of the 
same trace. x22. (Slide 344.) 


Puate IV. 
Diplolabis rémert. 

Fig. 42. Transverse section of normal Diplolabis rémeri petiole-trace. a., a. =lines of abscission of pinna- 
trace-bar ; )=pinna-trace-bar; c, c=claw-like ends developed from the arms. They ultimately join and 
form the next pinna-trace-bar. x14. (Slide 793.) 

Fig. 43, Transverse section of petiole showing the division of the pinna-trace-bar. pin. tr. = pinna-trace ; 
aph. tr. =aphlebia-trace ; 0. c.=outer cortex. x24. (Slide 789.) 

Fig. 44. Transverse section of petiole showing bifurcation of aphlebia-trace. pin. tr. =pinna-trace ; 
aph. tr.=aphlebia-trace (four of them). x 2°2. (Slide 796.) 
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Fig. 45. Transverse section of petiole above fig. 44. The pinna-trace on the right-hand side is cut almost _ 
longitudinally ; that on the left-hand side has already passed out through the cortex. The two traces pass — 
out together, but the section is not quite level. One part of each aphlebia pair has also passed out hee 
the cortex. pin. tr. =pinna-trace ; aph. tr.=aphlebia-trace. x.2°2. (Slide 797.) 

Fig. 46. Transverse section of petiole-trace showing relation of Flicheia esnostensis to Diplolabis rime 
a= Flicheia trace; b=half of the normal Diplolabis trace ; 7. c.=inner cortex; 0. ¢. =outer cortex. x 10. 
(Slide 800.) 

Fig. 47. Transverse section of pinna-trace fede after the pinna is free from the ea, * 107 
(Slide 809.) ‘ 

Fig. 48. Transverse section of pinna-trace dividing to give the secondary pinna-traces. Stage beyond 
fig. 47. pin. tr. =pinna-trace ; p.4, P.g p-3=secondary pinna-traces. x10. (Slide 324.) : 

Fig. 49. Transverse section of root-trace. prx.=protoxylem. x36. (Slide 791.) , 

Fig. 50. Part of outer zone of outer cortex in petiole showing sclerenchymatous tissue. This is from 
lower end of petiole shown in Pl. I. figs. 12 and 13. x43. (Slide 811.) = 

Fig. 51. Longitudinal section of petiole-trace showing reticulately thickened tracheides. x30. (S 
812.) — 
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XX V.—Thermo-Electric Diagram from —200° C. to 100° C., deduced from the 
observations of Professors Dewar and Fleming. By J. D. Hamilton Dickson, 
M.A., Peterhouse, Cambridge. 


(MS. received July 15, 1910. Read November 7, 1910. Issued separately March 17, 1911.) 


In 1895 Professors DEwar and FLEMING made an extensive and careful series of 
observations connecting temperature and the thermo-electromotive force of some twenty 
metals compared with lead. The greatest care was taken in the preparation for, and in 
the conduct of, the experiments, and about thirty readings, at temperatures ranging 
over the 300° between the boiling point of oxygen and the boiling point of water, were 
recorded for each metal. A full description of the mode of experimenting, with the 
results for each metal, was published in the Philosophical Magazine, July 1895.* In 
their discussion of the results a further examination of them was promised, but has not 
appeared. Professor FLemine, however, in a Friday Evening Discourse at the Royal 
Institution in 1896, indicated that the lines of thermo-electric power did not appear as 
straight lines although they were approximately so. 

In the summer of 1896, I attempted to determine the nature of the connection 
between electromotive force and temperature for platmum. The selection of this metal 
was made for two reasons—it was a piece of the same wire as that used by CaLLENDAR 
in his researches on thermometry, and another portion of this same wire formed the 
Standard Platinum Thermometer used in these observations by Dewar and FLEMING. 
The observations were plotted, taking electromotive force as ordinate to platinum- 
temperature as abscissa ; a free-hand curve run through these points showed both sides 
of the curve in considerable magnitude, thus affording a good opportunity of testing its 
nature. A very great number of attempts, extending over some months, were then 
made to connect this curve with an equation of the form y” = px, n and p being constants. 
Since n= 2 would give a parabola, and as the curve appeared of parabolic form, the 
values chosen for 7 were all in the neighbourhood of 2, and corresponding values were 
chosen for p. From each pair of associated values of 1 and p values of H.M.F. were 
calculated for the temperatures at which observations were recorded, and the ditferences 
between the observed and calculated values of E.M.F. were plotted as ordinates to 
temperatures as abscissee. For short ranges in the middle of the temperature-interval 
of 300 degrees, these differences could always be made small; but in every case, for all 
higher or lower temperatures, they became excessively and systematically large. It was 
clear, therefore, that no such simple law as y”= px would satisfy platinum. A new and 
enlarged ‘“‘ plot” of the observations was then made, and a free-hand curve drawn with 
the greatest care among the representative points. In drawing the curve, as it was 


* Phil. Mag., Ser. V., vol. xl. pp. 95-119. 
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roughly parabolic, one naturally made the curvature everywhere of the same sign. But 
it will easily be seen that this was by no means enough, especially if (as became 
apparent) it was possible to maintain not only continuity of curvature but continuity of 
change of curvature. By means of a hard, sharp-pointed pencil, and continued trials and 
erasures, a clear, hard-black, thin-lined curve was obtained which satisfied the first 
condition. By bringing the eye close to the paper and looking along the curve tan- 
gentially, it was easily possible to detect stretches of curve, some of which were too 
straight for the portions on either side, or too curved for the portions on either side ; 
but it frequently required great care to decide whether, of two adjacent portions, one too 
straight, the other too curved, the correction should be, increasing the curvature of the 
former or decreasing that of the latter. An additional aid was gained in this matter by 
looking tangentially at the curve through a magnifying glass (some 3 inches in diameter 
and 8 inches in focal length, thus enabling a good stretch of the curve to be visible at 
once) whose edge touched the curve while its plane was perpendicular to the curve at 
the point of contact. By this device it was possible to train down the curve with great 
precision to satisfy the second condition, and at the same time to make the line of the — 
curve very fine, its breadth not exceeding a hundredth of an inch. 

Some curves have simple geometrical properties which enable their natures to be 
determined without knowing their characteristic points or lines, such as centre, foci, axes. ; 
One such property possessed by conics is that the middle points of any series of parallel — 
chords lie on a straight line. In the present case, the curve had been drawn on milli- 
metre paper, which I had tested to determine whether its ruling was consistent with — 
itself (I found it was not quite true), the opportunity of the parallel lines on the paper 
offered an immediate series of parallel chords. On marking their mid-points they were — 
found to be very accurately collinear. The curve was therefore a conic. The parabola 
possesses a further unique property—namely, that whatever the common direction of a | 
series of parallel chords may be, all the lines of mid-points are parallel and therefore — 
parallel to the axis of the curve. By means of this property I found that the curve was 
a parabola (measurements being made to half a millimetre over distances varying from 
55 to 300 millimetres), but that its axis was not parallel to the axis of E.M.¥. This’ 
departure from parallelism with the axis of E.M.F. was not great; on the diagram each 
mm. represented one degree of temperature horizontally, or two micro-volts vertically, 
and the tangent of this angle of deviation lay between jth and ,'th, nevertheless it 
was too marked to be neglected. ; 

On Tart’s hypothesis, that the “specific heat of electricity” is proportional to the 


lines. Lines which represent thermo-electric power, whether straight or not, I prop 
to call Tait-lines. By direct measurement from the observational curve obtained 
platinum (such curves will, in future, be referred to as the A-curves), data were found 
for the construction of the Tait-line. In getting these data, two things had to be 
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determined with great accuracy—(1) the slope of the tangent at any point of the curve ; 
(2) the value of the temperature at that point. Neither of these is a simple matter of 
attainment. The following method was adopted to obtain the slope of the tangent :— 
A fine dark-blue silk thread, about 60 cm. long, was threaded through two pieces of 
sheet lead about the size of a florin, and the ends knotted to prevent the thread slipping 
out. The thread was then stretched across the paper and carefully adjusted so that one 
edge of it.was tangential to the outer edge of the curve at some point. A weight was 
laid on each piece of lead to maintain the straightness and position of the thread during 
the observations to be made. ‘To prevent any error from parallax (through the thread 
not actually touching the paper), a heavy strip of plate glass was laid along the thread 
in the neighbourhood of the point of tangency, and by means of a strong light in a 
vertical plane containing the thread, and with the help of a magnifying glass, it was 
possible to adjust the coincidence of the edges of the curved line and thread to a 
thousandth of an inch. The value of the tangent of the angle of slope, in the position 
attained, was then easily found by reading from the millimetre paper the co-ordinates 
of two points, one near each end of the thread, these two points being from 400 to 600 
mm. apart. To find the temperature for the point of contact of the thread with the 
curve, another geometrical property of the parabola was employed, as it is impossible to 
determine by mere inspection the exact point at which two curves touch. If equal 
distances be measured in opposite directions along any tangent toa parabola from its 
point of contact with the parabola, the points thus found will be equidistant from the 
parabola, when measured along lines parallel to the axis of the curve. To a first 
approximation at least, for such points at distances from the curve not exceeding 6 mm., 
it was allowable to take the lines engraved on the millimetre paper parallel to the axis 
of H.M.F. as being parallel to the axis of the curve. (In some curves, where the axis 
of the parabola made a great angle with the axis of E.M.F., theory showed that for 
distances up to 4 or 5 mm. no error exceeding the limits of observational errors would 


be made in adopting the same course.) Thus it was relatively easy to read a series of 


pairs of temperatures at which two points on the tangent were 2 mm. distant from the 
curve, 4 mm., 6 mm., or 8 mm. distant from the curve. If everything were correct, 
each of these four pairs of temperatures would give the same mean temperature, and 
this would be the temperature of the point of contact of the thread with the curve. 
Usually a single pair of readings was satisfactory, and in this case the deviation taken 
was 4mm. _ ‘lwo specimens of such observations will elucidate the process. 


aye Upper Lower Readings for | Temperature 
Deviation. Temperature. | Temperature.| the ‘Tangent. of Contact. TD estamg ent: 
° 3974 + 1574 ° 
; 3° = 15 ———— i 158°6 
4mm 303 1 3504100 3 
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In this set the two points on the thread were HE= 3974, t=250, and E= — 1573, 
t= -—100. The result was that dE/dt =1°586 at the temperature 72° C. 

The second set shows the determination of the point on the curve at which the 
tangent is parallel to the axis of ¢ :— 


| sate U L Readings for | Temperat 
pper ower eadings for perature . 
Pe sBexcunnielet Temperature. | Temperature. | the Tangent. of Contact. IND esate. 
2 mm. — 664 07 = 81°75 
Aes {sil =103 | = eo 
pe get — 564 ~ 108 | hs — 89°25 s 
Shes —53 -1l1l — 82 
LOC — 50 —114 | - 82 
ees - 97 —-116-7 | — 819 
~ Mean temperature of contact= — 81-98". 


This second set shows how remarkably closely the several temperatures obtained 
from the six pairs of readings agree, and justifies the accuracy with which the method — 
is credited. 

From the A-curve for platinum, by the method described, sixteen points on the 
Tait-line were determined, the lowest being at — 173°2° and the highest at + 86°8.° The 
equation of the parabola was then calculated by the method of least squares (such — 
calculated curves will be referred to in future as the B-curves), assuming the observa- 
tional value of the slope of its axis to the axis of E.M.F., and the equation of the Tait- 
line was deduced from it. The Tait-line was constructed from this equation, and the 
sixteen observed values of dE/dt previously determined from the A-curve were plotted 
in their respective positions, and gave a coincidence which fully justified further — 
calculations on the theory of the parabola with a slant axis. 

On this coincidence of hypothesis with observation I made similar examinations of 
the observations on copper, gold, cadmium, zinc, all with fairly satisfactory results, 
Meeting Lord Kevin in the spring of 189/, I told him of these results. He was at 
once deeply interested, and his first remark showed how completely he was acquainted 
with all current scientific investigations, for he immediately asked if the results were 
referred to centigrade or platinum temperatures. On hearing that platinum tempera- 
tures had been used, he said, with vigour: ‘Have nothing to do with platint 
temperatures—get centigrade.” It was natural to accept without hesitation his advice; 
the work accomplished was set aside, and my attention was given to all the best work 
on platinum temperatures, for the purpose of finding the most approximate formula 
possible for the reduction of low platinum temperatures to centigrade temperat 
The result of this investigation was published in two papers in the Philosophical 
Magazine* for December 1897 and June 1898. The latter of these contained a table 
of conversion from platinum degrees to centigrade degrees for each 5 degrees from + 100” 

* Phil, Mag., Ser. V., Vol. xliv. p. 445 ; and Vol, xlv. p. 525. 
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to — 205°, extrapolated to — 283° of platinum temperature (p. 527). This table has 
been used throughout the following investigation. 

During the intervening years other matters have prevented me from completing 
this work. It was resumed in the early part of 1908, and is now practically complete. 
Two remarks have to be made; first, all the metals examined by Dewar and Fiemine 
are not included here. The alloys I have in general omitted, because their composition 
is not determined, and we know how an impurity even of a fraction of one per cent. 
entirely alters many properties of metals. This may be seen on examining the results 
of DEwarR and KaMMERLINGH ONNES in the resistance of gold within 20° of the 
absolute zero. For the same reason, I have no results to give for iron. The iron- 
curve in any case is not a conic. Its appearance, within the range of temperature 
examined, is somewhat of the form of the old English {; and it is allowable to say 
that at present an even approximately pure iron has not yet been produced. ‘The 
second remark deals with the process of the present investigation. It is entirely 
experimental. It has therefore been necessary to produce in facsimile the actual curves 
employed, in order to convey the evidence upon which | have felt convinced of the 
truth of the theory adduced. Had these curves been possessed of such uniformity that 
one would have sufficed as a specimen, the trouble in proving the theory would have 
been comparatively light. But this is far from being the case; in general they are 
portions of only one side of a (?) parabola, and sometimes the vertex occurs below — 200’, 
sometimes above 100°; a few curves contain the vertex within the 300° range of 
temperature of the observations. Again, when the experimental portion of the curve is 
very flat, the locus of the middle points of any series of parallel chords which can 
possibly be drawn is too short to allow it to be stated clearly that the locus is a straight 
line. Several artifices were tried to meet this difficulty. The temperature, except in 
two cases which will appear, was measured to the scale of 1 mm. to the degree centigrade. 
By varying the scale of electromotive force, the curve could be more or less elongated. 
By too open a scale, the curve would become so long that it would almost appear as a 
straight line; but, by going to the other extreme, the magnitude cf the curve would be 
so reduced that even the breadth of the line of the curve would become of importance. 


- A process of “shearing” was finally adopted which may be explained thus: Let PQ, fig. 1, 


be the experimental A-curve. A straight line BC is chosen somewhat parallel to the 
chord joining the extremities of PQ, and making with OT, the axis of temperature, an 
easily determined angle such as tan CBT=1, or 2, or 3. Then the curve and line are 
“sheared” until BC lies along BT, any ordinate such as RN taking the new position 
RN’, and PRAQ finally taking up the position P’R’A’Q’. If the new curve P’R’A’Q’ 
should still be too flat, it is only necessary to increase the scale of the new ordinates until 
a curve of sufficient (but not too great) concavity is obtained. If there is no in- 
elination made by the axis of PRAQ with OH, the axis of E.M.F., the axis of P’R’A’Q’ 
will likewise show no inclination. The connection between », the inclination of the 
axis of the original curve PRAQ to the axis of E.M.F., and # the angle made by the 
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axis of the “sheared” curve P’R’A’Q’ with the axis of E.M.F., is easily found. Let A 

be the point of PQ at which the tangent is parallel to BC. A will become the highest 
point A’ in the new curve P’A’Q’: let M be the mid-point of the chord of the curve 
intercepted in BO, then, assuming the curve to be a parabola, AM is parallel to the axis — 


H 


OB NY? Ke is 

Fie. 1. 
of the curve: let the ordinate AK’ cut BC in K and the “sheared” curve in A’. 
Construct the rectangle MLK’M’, and join A’M’. Then, on the same assumption, AM 
will bisect all chords parallel to BO, and clearly A’M’ will bisect all chords in the “sheared” — 
curve parallel to OT ; hence the “sheared” curve is a parabola also, and A’M’ is parallel | 
to its axis. Then, if m be the tangent of the angle CBT, 


ig QoDA A 3 I cg Ta 
°“ML. ML MK ME (ere 


If the ordinates of the “‘sheared” curve have to be increased in the ratio » : 1, this 
relation becomes : 
ie aaa, ade! . a 

r a 

This process is severe as a test of the truth of the theory, and, with the liberty we have 
in the choice of \ and m, allows us to give é such a magnitude as to be easily read in 
any case. The process was applied with complete success to zine and copper, both of 
which, in the earliest attempts, appeared to give parabolas with no slope. With the 
former metal the result was confirmed, while with the latter a great slope was discovered, 
as well as the explanation of why the earlier attempt had failed. he 
The general process of investigation was as follows:— 
Let E = electromotive force in C.G.S. units as recorded by Dewar and FLEMING, and 

let t =centigrade temperature measured from the freezing point of water, and calculated, 
by means of the Table already referred to, from the recorded platinum temperature. To 
prevent the chance of any error in using the method of least squares, as each set of 
observations contained both positive and negative electromotive forces and temperatu 
new co-ordinates were taken so as to make these quantities always positive. ‘Thus, I 


T=t+k 
and 
} H=E/n+h 5 : ' ; fs ’ 
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_where » was generally 200, and h and k& were 200, or some such simple number. The 


unit of T was always taken horizontally and represented by 1 mm. ; the unit of H was 


represented vertically by 1 mm. ‘he rest of the process may be exemplified by 
platinum (CaLLenpar’s) the first metal examined. 


PLaTINuM (CALLENDAR’S). 


The 1898 calculation, fig. 8. The complete set of twenty-nine platinum tempera- 
tures was reduced to centigrade degrees by the Table already referred to. From these 
and the recorded values of Dewar and FLEMING’s K, were calculated 

T=t+200, H=E/2004 250. . (4, 5) 
The whole series of twenty-nine observations was plotted, and a curve drawn carefully 
among the points in the manner previously described. The mid-points of fifteen chords 
parallel to the axis of T were noted, and are shown on the A-curve above the short line 
a to which they are parallel. As these points lay very closely on one straight line, what 
was judged to be the nearest line to them was drawn, and on it the two points P, Q, 


\ 


O B XG VG T 
Fie. 2, 


at a distance of some 460 mm., were noted. ‘The co-ordinates of P are — Oe 
H=238 ; and of Q are, T=140, H= — 218; whence cot w= 456/30 = 15-20. 
In fig. 2, PA is the curve, A the vertex, AM the axis making the angle » with the 
ordinate AB of the vertex ; PM is perpendicular to AM, and PN to OT. Putting 
OB=a, ON =T, and « for tan o, 
BA=hk, NP=H, 
the curve is PM’=y.AM, where p is a constant. Substituting for PM, and AM, their 
values in terms of I’, H, this equation becomes 
a {(T + H6) - (a+ kd)}2=p'{(e- ad) —(H—Td)} ; . _ (6) 
or writing 
U=T+Ho=0G; and i egeeens| 


V=H-Té=OF; v=h-ad=OY;) 
and 
p =p seca; 5 : ; ‘ oo tS) 
on expanding, it takes the form 
Uxz— Vy -z=U? ; : : ; eis) 
where 
il 


e=2u, y=p,z=u2—p'v: and o= 
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Kach observation gives an equation (9), and from these in the usual way we get the 


normal equations 


23(UV) - y3(V2) —23(V) = 3(U2V) (11) 


#23(U2) - y3(UV) —23(U) = 3(U3) 
xX(U) —y3(V) -2X(1) =3(02) 

for which we require the values of = of each of the following seven terms, for the 
eleven observations specified below in Table L., 

Sie eh igre ILS 

Vo UN U2 

2s 
The values of these ~’s are respectively — 

. 1,807°99, 392,494°58, 95,351,762: 
2,220°65, 317,498-61, 58,212,092, 
534,690°35, 


The solution of equations (11), with these numbers as coefficients, is 


= 2u = 2(a+ko = 27857307, 
ip =p sec w = 90°208406, (12) 
z=? — p'v=(a+ kd)? —p sec w (k — av) = — 810533015 ; 


which give finally 


a=118°7125 
k= 312-7267 (13) 
p= 90:01381 7 
with the experimentally measured value 
1 
tan OS 15 : . : 5 ‘ (14) 
TaBLe I. 
Details of Calculation for Callendar’s Platinum, with cot » = 15°20. 
E - Error = 
: 200 H= E, E, 
pt’. oO | CES 1 Os Vv. 0 set os ae 
ae E + 50,000. 200 200 a 


100°2 100-05 | — 43550 | 300-05 6450- 302°17 12°51 | — 217-75 | -219713 | +1°38 
73°7 73°21 | — 29320: | 273-21 20680: 280°01 85°43 | —146°6 | —146°6 nil, 
45°5 44°99 | —16440- | 244-99 33560- 25603 | 151°68 | - 82°2 | — 80°36 | —1:84 


155 15°36 | — 4740: | 215°36 45260- 230°25 | 21213 | — 23°77 | — 22°77 | -0°93 
— 16-2 | — 15°51 | + 4620: | 184-49 54620: 202-46 | 260°96 | + 23°71 | + 22°84 | +0°26 
— 62:4 | — 59°69 | +11910- | 140-31 61910° 160°67 | 300°32 | + 59°55 | + 59:09 | +0°46 
— 811 | — 77:29 | +12770- | 122-71 62770- 143°36 | 305°78 | + 63°85 | + 62°81 | +1-04 
—122°9 | - 116-07 | + 9090- | 83-93 59090- 103°37 | 289°93 | + 45°45 | + 46°18 | -0°73 
— 164°5 | - 15388 | — 1490: | 46-12 48510: 62°08 | 23952 |- 745 |- 822 | +077 
—~ 188-0 | -174:89 | -10810° | 25-11 39190- 38°00 | 194°30 | — 54:05 | - 57-69 | +3°64 
—195°5 | — 18155 | -16140°| 18:45 33860° 29°59 | 168:09 | — 80°77 | — 76°61 | —4:08 


The data employed and the intermediate results obtained in this calculation are 


shown in Table I., the headings of the various columns being either clear in themselves 
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or already explained; the suffix c refers to calculated values, the suffix o to observed 
values. The sum of the errors is +7°55—7°58, which, being nearly nal, may be taken 
as verifying the calculation. Hence is deduced the probable error 1°33 ; that is, over 
a range of temperature of 300 degrees and for electromotive forces extending from 
— 435 micro-volts up to +128 micro-volts and back again to — 162 micro-volts, alto- 
gether some 800 micro-volts, the probable error is only £2°7 micro-volts, thus showing 
satisfactory agreement between observation and calculation. 
Equation (6) may, by means of the results in (12), be written 


H : SEN = Me 
tino = 139°28654)? = 90°208406 15-9 ~ H+ 30491670 : . (15) 


(f 
For purposes of calculation it is preferable to rearrange it so as to give the value of 


EK explicitly. Substituting from equations (4, 5), after some reductions, we get 
E= — 231874364 — 3040: £4+112812°36 /(t+422°6022) | (16) 
or, in a still more convenient form, 


E= — 1034032:96 — 3040: 6+ 112812°36 Je 7 : ; . (17) 
where 
6=t + 422°6022 ; ‘ ; ; (18) 


Hence we get the equation of the Tait-line, namely — 


dk 112812°36 
Ga a age ‘ : : , . 


It will be noticed that the Tait-line is a cubical hyperbola; its equation may be 
written 
(dE /dt + 3040:)2(t + 4226022) = (5640618)? . . (20) 

The general form of this curve is shown in fig. 5. It has two asymptotes C D and 

E F, and two equal branches, one above, the other below, C D, neither of which crosses 
EF. The particular portion of this curve associated with these observations is the con- 
tinuous part A B. The asymptote EF is at the quasi-temperature —422°6° C., and 
C D is the line whose ordinate dE/dt has the value — 3040. 
In 1908 an entirely new calculation was made for this metal from another “ plot” of 
the observations. To determine the parameter of the parabola, the co-ordinates of its 
vertex, and also the slope of the axis by the method of least squares, was a labour of 
such magnitude that, meanwhile, one did not feel justified in carrying it out. For- 
tunately, it was possible to measure the slope of the axis with great accuracy from the — 
experimental curve, and | decided to accept the value thus obtained as satisfactory. 
The new diagram, fig. 4, was drawn to the same scale as formerly. Nine parallel chords of 
the A-curve were drawn, making an inclination with the axis of T whose tangent was 5, 
an inclination gen observed on the millimetre sone On iene the mid-points of 


the first at the widest attainable sonia of the curve. Over thee points was laid a 
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transparent celluloid scale, having a straight line marked on it, and it was adjusted until 
this line fairly coincided with the points; no point was farther from the line than the © 
width of the pencil-point mark making the point, say half a mm, Readings of the — 
points on this line were taken from the millimetre paper, at a distance of some 760 mm. 
apart, so chosen that the numerator of the tangent of the required angle should be an 


E 


a 


Watt eee 


eS ee 0D 


~S 
~ 


Se 


SS 


Fic. 5. 


exact number of centimetres of convenient length (it was 5 cm.). These points were 
756 | 


T=178, H= —206, and T=128, H=550; hence cot Oa 


= 15°12, a result agree- 


ing well with 15°20 measured from the earlier diagrams. 
A fresh calculation, similar to that already described, but with the new value of 
tan », was made, and gave these results— >. 


a=118°6492, 
hk = 3127536, 
p= 89-9627, 
with 
tan w= oo. F 
15:12? 
leading to 
E= — 1,022,522°48 — 3024'6+ 11189500 ,/6: . . ; 
where 06=¢+420°6684 . : ; : 
whence 
dk 111895:00 
dt —i =. 3024 + A = ar 


the equation of the Tait-line. 
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The sum of the errors in this calculation was +7°50—7°53, again verifying its 
accuracy. These gave for the probable error +1°314 or +2°6 micro-volts. The agree- 
ment between the calculations of 1898 and 1908 is worthy of notice, and a comparison 
of the two shows the effect of replacing 15°20 by 15°12 as the value of cot w: the 
result is—an increase of *53 per cent. in the value of tan » diminishes a by ‘053 per 
cent., p by ‘057 per cent., and increases k by ‘0086 per cent. ; or the percentage altera- 
tions of a and p are each one-tenth of that of tan », while for & it is only one-sixtieth. 

In fig. 3 the curves of platinum (CaLLENDAR’s) leading to equations (17) and (19) are 
shown. The A-curve is the facsimile of the one drawn by hand from the recorded 
observations. A series of mid-points of fifteen chords parallel to the short line a on the 
diagram are shown, as well as the line on which they appeared to lie (as already stated), 
and which givescot »=15°20. From this curve also, previous to the calculation, a series 
of sixteen values of dH/dt were measured by means of the stretched thread as formerly 
described ; their values are given in the adjacent Table I]. From equation (17) the 
B-parabola was drawn, and along it the original observations, represented by small crosses, 
are plotted. Similarly, from equation (19), the Tait-line was drawn, and along it the 
sixteen measured values of dH/dt are shown by means of small circles. The closeness 
thus exhibited between theory and observation is remarkable ; and the test by means of 
the Tait-line, considering the difficulty in measuring the temperature associated with 
any particular value of dE/dt, and further that this measurement is made from the 
hand-drawn experimental curve, is so severe as.hardly to leave any doubt as to the 
truth of the theory. 


TaseE II. 
t°. dE /dt. t°. dE/dt. 
78°5 515-4 ~ 4555 ~ 1362 
575 ~ 457-6 — 65:0 — 55-0 
44:2 ~ 422-9 aay eal 0: 
25°7 ~ 370-0 ~ 963 eT 
78 ~ 317-2 ~113°6 167°6 
47 ~ 2794 —145°8 344°6 
— 26-2 — 206-4 — 158-4 424-0 
— 394 ~184:4 17-5 523-4 


Fig. 4 is the entirely new set of curves for this same metal calculated in 1908. 
Here again in the A-curve we have a set of mid-points of nine chords parallel to the 
short a-line shown on the diagram, making an angle tan™* ‘5 with the axis of 
temperature. ‘The straight line on which they are assumed to lie is shown, and its slope 
was found, in the same way as for the 1898 curve, to be cot »=15°12. Hence 
equations (22) and (24) were found; and from them the B-parabola and Tait-line were 
drawn. ‘The original observations are plotted along the B-parabola. A fresh set of 
determinations of thirteen values of dE/dt were measured from the A-curve, and plotted 
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along the Tait-line, by means of small circles. The complete note of their observed 
values of dE/dt is given in Table III. to show how the work was carried out; the 
process has already been described. Here, again, the closeness between the theoretical 
curves and the observational points corroborates the theory very strongly. 


(tapiEy bi: 
Devin | et ae a aa eee 
4 78. 35° woe 564 - 227-0 
4 66 12 eee 39 | 205-0 
4 45 ae aS 193 — 180-76 
doy 23 = ae 1 ~ 152°8 
4 be aP35 —-= NM o04 ~113°8 
4 eal ian 8 ~ 62 ae ~ 40° = TTA 
4 mae - 79 —— = 60 ~ 440 
4 eae — 98 ee — 803 + 58 
4 Easd -118 aa = 01 + 585 
4 1014 ~ 138 Soe — 120 + 106-4 
4 121 ~158 ood 139} +151°6 
4 136 168 Se 152 4185-9 
5 ~ 1504 Sie — 166 + 238-1 | 


GERMAN SILVER. 


to give a parabola with no slope in itsaxis. On resuming the work at the present time 
a “sheared” curve was drawn to test this point finally, namely, the A-curve on fig. 6. 
The mid-points of a series of horizontal chords, parallel to the short line a on the diagre 
were marked, and, beyond a slight displacement of three about the middle,* they are 

to lie very closely on a vertical straight line. As an additional test, the mid-points 
another series of sloping chords, parallel to the short line b on the diagram, which m 

an angle with the axis of ¢ whose tangent is °5, were plotted; they, too, show complete 
absence of slope, thus demonstrating the curve to be a parabola with vertical axis. 


* The photographic reduction has rendered this displacement not visible in fig. 6. See Note, p. 788. 
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This point being settled, the equation of the parabola was calculated from sixteen 
observations of the thirty-one recorded and gave 


(t+ 305°20283)? = *5631819(166252°47-E) . ‘ : ‘ (25) 
Hence we get the equation of the Tait-line, namely, 


dk 2(¢ + 305°20283) 


Fa 5631819 (26) 


The sum of the errors was +1125—11238, which, being practically nz, confirms the 
accuracy of the calculation. Hence the probable error was found to be 1°56 micro-volts 
over a range of 2670 micro-volts, a notable result. 

Equations (25) and (26) may be expressed more conveniently for calculation in the 


forms 
E = 166252-47 —1°77562502 . Ci 
where 
6 =t + 305-20283, 
and 
dE/dt = — 3°551256 
or, more usually, 
d¥B/dt = —3°55125t — 1083-85 


From equation (25) the B-parabola was drawn, and along it the whole of the 
observations are marked by means of small crosses. From the A-curve the values 
of dE/dt in Table IV. were measured by means of the thread. ‘They were determined 
with great care, each temperature being read by the help of four deviates of 2, 3, 4, 


equation (29). 


TaBLeE IV. 
Pe 100 dE/dt. # C. 100 dE/dt. 
743 168°1 = 04 99-1 
36 1511 —101} 89:2 
5h 137°8 ~ 1483 67-3 
eae 125-0 Se 58-9 
=i 113-6 


t= —305'2°, H= 166252°47. 


CopPER. 


On account of the purity of copper it was one of the first metals examined. In 


_ 


and if the test indicated a parabolic curve, an attempt was made to determine the 
focus and directrix. Such an investigation for copper gave the Tait-line as almost 
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straight ; further, as the curve (scale, 1 mm.=2 micro-volts) presented only a slight 
concavity, no marked slope of the axis was visible. The equation of a vertical parabola 
was therefore calculated by least squares; but the result, while fairly satisfactory below 
50° C., showed a systematic divergence between the observations and the curve above 
this temperature (see fig. 7,C). In 1908 a new attempt was made to determine the 
slope of the axis, but without success. On devising the “shear” process, recourse 
was had to it with enlarged scale to settle the question. The enlargement of the 
scale complicated matters, for while small divergences from a hand-drawn curve were 
permissible (such as 2 or 3 mm.), with the scale enlarged eight times these became 
16 or 24 mm., and it was quite a chance whether the truth could be obtained in 
this way. However, by steering a moderate course, this trial gave distinct evidence 
of slope, the cotangent of the angle being 2°665 (+20°40’). Nevertheless, there was — 
still the appearance of systematic divergence between the observations and the curve 
at the higher temperatures, though not so much as before (see fig. 7, D). In this 
case the shearing had been obtained by calculation from the E.M.F. and temperature 
of each observation. A final attempt was made thus: The observations were plotted, 
and a free-hand curve drawn through them in the manner previously described 
(fig. 7, A-eurve). Through a point E on the axis of E.M.F., chosen merely as a 
convenient point, a line PER was drawn making an angle having an easily read — 
tangent, namely 6/5. Then the sheared curve was deduced directly from the diagram — 
by merely noting on the millimetre paper, as at 50°, the length PQ, and transferring 
this length to the sheared position P’Q’. Such measures and transfers were made at 
every 10° from —190° to+100° C. ‘Thus the original curve QS was sheared into the 
position Q’S’, and the straight line PE became P’E. The mid-points of a series of 
twelve parallel chords of the sheared curve were then carefully observed and measured, 
their positions being given in Table V., where 200K’ is the E.M.F. ‘These points were at 
the same time plotted below the short line a which is parallel to the chords. By least 
squares the nearest straight line M’L through these points has for its equation ; 


t+ 0-4323385K’ + 46°8766=0 . . C8 
TABLE V. 
| 
#C. E. ’ OC, E’, 
_ 58-0 27: _ 51-0 8-0 
_ 565 23: _ 49-0 6-0 
_ BB-75 19:5 ~ 48-5 3:5 
= 54-25 16-5 476 1°75 
| ~ 52°75 13:5 ~ 46°5 0: 
| _52-0 105 ~ 46-0 -15 
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is the locus of mid-points of chords parallel to PER, of the original experimental curve 
QS, and is therefore parallel to the axis of QS. The slope of the axis is the angle 
MK = 41° 59’; itis given by 
pa Sue RE 
co oF Sap Mon ca ae @, 
whence 
— 1:2=2°3130028 — 1:2 


= 11130028 . , en 


htc 
C00 = 4323385 


with this value of cot a final equation for QS was calculated by least squares from 16 
of the recorded 31 observations. The co-ordinates used were 


E 
T=¢+ 200, and H = 59 + 300, 
and the equation found was 
(rT + oa 141°68690) = 3170-2602 Ls 85'353784 ) (32) 
1113003 a = ~ 1113003 ~ ; 
which may be put in the more convenient form for use— 
E 
F090 ~ 1288°2151 + 11130036 — 88°87935 Ce es ‘ . (33) 
where 
6 = 324-07083 — (34) 
Hence the equation of the Tait-line is 
dE 8887-935 i 
Gf = ~ 2226006 + 7 (35) 


The sum of the errors was +4°9314—4°9310, thus verifying the accuracy of the 
ealeulation. These gave a probable error of only +124 micro-volts over a range of 
700 micro-volts. 

On fig. 7 the B-parabola, calculated from equation (33) is shown, and along it the 

observations are plotted by means of small crosses. The comparison of the upper end 
of this curve with the curves C and D is instructive as showing how the increase of the 
assumed angle of slope has finally led to complete coincidence between theory and 
observation along the whole range of the observations. The vertex of the parabola 
lies within the observations, at the point t= — 164°03°, H= — 36466. 
_ The Tait-line representing equation (35) is shown with the B-curves; and along it 
the early measured values dE/dt (given in Table VI.), on which the first calculation was 
based, are marked by small circles. These small circles show how easily it was possible 
to assume their locus to be a straight line, and therefore that the parabola was vertical. 
In fact the Tait-line itself, up to about 25° C., is fairly straight, and might even help to 
bear out the illusion. But here, again, the curve is a cubical hyperbola. Its form is 
shown in fig. 8, also its two asymptotes FG, HGH’; the former being dH/dt = — 222°6, 
the latter ¢=324'1°. The only portion of the curve associated with these observations 
is the full-line portion AB. Parts of the asymptotes are shown also on fig. 7. 
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TasLe VI. 

ra On dE /dt. i Oh dB/dt. 
52°5 318°6 —- 791 223:0 
24:0 991-4 — 95:6 213°8 
3°6 9726 —109°3 905-2 

— 235 255-2 — 123°5 195-6 
se dlatedt 242°8 = NBS} 188°6 
— 64:5 931°8 = jetaee 180°8 


The asymptote HGH’ suggests that the Tait-lme for copper does not go to tempera 
tures higher than 324° C. But it is to be remembered that the present investigation 
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had the observations been carried to higher temperatures, even slight alterations of the 
constants might (as we have seen for copper itself) considerably modify the Tuit-line. 


ZINC. 


Zinc was examined at an early stage in the investigation, and as the curve it gave 
on plotting the observations was comparatively flat for its length, it was difficult, if the 


curve were parabolic, to determine any slope of the axis. Later it was examined by 
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the shear-method, with enlarged scale, the multiplier being 4. This sheared curve is 

the A-curve in fie. 9. The mid-points of seven chords parallel to the short line a on the 
diagram were determined and plotted below a. ‘They show a remarkably good straight 
line without any slope. A second series of five mid-points of chords parallel to the short — 
line b were next determined, and were found to be so closely parallel to the a-locus 
that it was justifiable to assume the curve to be a parabola with vertical axis. On this 
basis the equation of the closest parabola was calculated by least squares from seventeen 
of the thirty recorded observations, and gave 


(t+ 270-162569)? = 2:01757894(E + 36118-8720) ; : . (36) 
Hence the equation of the (straight) Tait-line is 


dE 2(¢+ 270162569) 
dt ‘201757894 


(37) 


These may be put in the forms, more convenient for calculation, 


E= — 36118-8720 + 4956436462 . @syaae 
where aq 
6=t+ 270°162569 ; ; 3 . : . (39) 
and 
dK /dt = 991287276, 
or, in the usual form, - = 
dE /dt =-991287274+267'30864 . (40) 
The sum of the errors was + 8°974 — 8974 verifying the calculation. From these errors — 
the probable error was found to be +2°27 micro-volts, the range of measurement — 
extending over 624 micro-volts. 
The calculated sheared curve and parabola as well as the Tait-line are shown as 
the B-curves in fig. 9. The vertex of the parabola can be shown on the diagram ; 
it is at t= —27016, E=—36118°9. The observations are marked along the — 
B-parabola by means of small crosses. “i 


@ 


CADMIUM. 


The curve of this metal presented a very marked deviation from a vertical parabola. 
The A-curve was drawn to the scale 1 mm. = 1° C. = 2 micro-volts; the co-ordinates used 
were T=¢+200, H= 200 + 200: To determine the slope of the axis with these 
co-ordinates, a transparent celluloid strip of rectangular shape, about 5 cm. broad, on 
which was engraved one metre divided into half-millimetres, was laid so that the main 
line marked on the scale took up sixteen successive parallel positions, thus selecting sixteen 
parallel chords. In fig. 10 the successive positions of the edge of the celluloid scale 
are indicated by the series of pairs of numbers 2,2; 3,3; .. . the first position being 
marked by the two arrow-heads. These chords were inclined to the axis of temperature 


400 : . . an e 
at an angle tan? 310° chosen because it was nearly the slope of the line joining the 
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first and last observations, and thus gave the greatest possible range. The mid-points 
of these chords are shown on fig. 10, below the short line a, to which they are parallel. 
Their co-ordinates are given in the annexed Table VII. From these the equation of the 
nearest straight line passing through them was calculated by least squares and found to 


be— 
H+2:7201T=674:352 ; , . (41) 


TasBLE VII. 

Mh H. aT H. 
154°5 952°5 168-0 217°5 
156-0 249-5 170-0 212:5 
158:0 244°5 171°5 207°5 
159°5 241:0 1730 203°5 
161°5 236°0 175°5 197-0 
1633 231-5 178°5 190°5 
165-0 296°3 180°3 182°3 
166°3 221:0 181°8 179°3 


Hence », the angle made by the axis of the curve with the axis of H.M.F. is given by 
cot w= 2°7201, whence w= 20° 11’ 6” : , : . (42) 


The sum of the sixteen errors obtained by comparing the calculated and observed values | : 
of H was +5°9—6°0, thus verifying the accuracy of the calculation ; and the probabil 5 
error of an observed value of H was +°64. 

Having obtained the value of tan », the calculation of the equation of the parabola | 
followed the same course as in the case of Platinum (CaLLENDAR’S). Fourteen observations — 
were employed out of the thirty recorded. The equation found was 


{ H -. 79°40325 


) 2 
— 54:13896) | 
+7901 + (T — 54:13826) f 


T — 54:13826 
= 528 4516 { (H- 79-40395) = \ 
in which, if we replace H and T by their values in terms of E and ¢, it takes the form, 


more suitable for calculation, 


E=194656-49 + 544:026-21975'42 /6 ; ; . (44) 
where 6=170°71226-¢ . ; ; : . 
Hence the equation of the Tait-line is 
dE 10987 71 a8 
ee SO - (46) 


The Tait-line is like that of platinum, aa is a cubical hyperbola ; it is shown on fig. 
10, The portion connected with these experiments is the continuous line AB. ni 1e 


—— ae 
————— 
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Tait-line has two asymptotes, ECF at the temperature 170°7° C. and CD at the value of 
dH/dt= —544:02. Asin the case of copper, 170°7° C. being a readily accessible tempera- 
ture, it would have been interesting had the experiments been carried so high. 

From the A-curve, by the method already described, a series of values of dH/dt 
were measured. In these measurements a correction had to be made on the value of ¢ 
corresponding to any observed value of dH/dt, because the slope of the axis was so great. 
Having observed the value of tan 6 for any dE/dt, two equal deviates FL, GM (fig. 11), 
were found, and their corresponding temperatures, OB=¢,, and OA =t,, were read off 
the curve. If the axis of the curve had been vertical, ON, the temperature of the point 


of contact of the tangent, LM, would have been the mean of OA and OB. But as this 
was not the case, the mean of OA and OB was OC, and it became necessary to determine 


the correction CN. Let 0d be the value of the deviate FL, or GM, or DK; then in the 
triangle DKP, we get 


sin w 

EP=DE (a <0) 

whence 
5 

CN =KP cos @= Gar estan 6’ 

and the value of ¢ at P is given by 
_tt+t 8 
i 2 +3-7201+tan0 ; : 3 40) 


The values adopted for 3 were, conveniently, 2, 4, 6, and 8mm. If7 be the correction 

for d= 8 mm., we get 

Atty 
2 


for 6=8 mm., t= +7, 
{4+ 

9 ” =6 ” t= 9 +t 
h+t, 

= fp t son char 
ty +t 

” =2 ” == + 47; 


always supposing that it had been possible to measure these temperatures accurately, 
which, it need hardly be added, was not the case. Nevertheless, some test of the 


correctness of such observations would be got if the various values of 7 obtained at any 
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temperature were equal. By equating each of the three pairs of adjacent values of ¢, 

three values of + 7 would be obtained, and, inserting the mean of these in the equation 

for 3=2mm., a fair value—probably the best attainable—would be got for ¢. These 

corrections could not be neglected for cadmium. Having regard to the value of the 

correction, so long as tan 6 was positive (the present case) the correction for the same 

given value of 6 increased as the temperature fell, and was additive. At 62°, the 

temperature of the highest measurement, the correction for d= 8 mm. would be 1°52”; 

and at — 148°, the temperature of the lowest measurement, it would be 2°56°. 
Ten measurements of dH/dt were made on the A-curve, and these were corrected in 

the sense just indicated. The adjoining Table VIII. gives a couple of sets of readings 

as they appear in the note of the observations. The columns are :— 
1. The deviates in mm. 

. The lower temperature. 

. The higher temperature. 

. The readings of the tangent, as previously explained. 

The means of columns two and three. 

The tangent calculated from column four. 

. The temperature finally adopted. 


CoN D OT P OD DO 


. The tangent on the same scale as equation (46). 


Tasie VIII. 


; Q 3 4 5 6 7 8 
S 41 | - 184 133 : 

; a7 | - 8 | totaos | Mast] 17s | ap] see 
4 29 - 14 es 14 | 

8 63 ~191 137 

6 — 69 - 182 0+ 2954 = 125% 

4 =78 Se eee ee 08s one ae 
2 -89 — 150 — 1194 


The ten values of the tangent thus obtained were 


TaBLe IX. 
| a 
Temperature. 62° at 144° | -7° — 35° -53° | —x6° | -101°| —119° | =e 
Tangent/100 | 5:04 4:28 3°45 2°82 2°16 1°81 1°33 1-13 0-98 | O81 


Along the Tait-line, on fig. 10, which was drawn by means of equation (46), these 
ten observed values of dli/dt were marked by small circles. Considering the difficulty 
in measuring these values, and also that they were got from the free-hand curve of the 
observations (the A-curve), their closeness to the calculated Tait-line affords a strong 
presumption of the correctness of the theory. 
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NICKEL. 


The range of this metal being unusually great, a first attempt was made to find its 
curve by plotting E/800 to ¢. The arc thus obtained proved on trial to be too long 
compared with its curvature to allow of its nature being determined geometrically. 
Accordingly, the method of shearing was employed (it was devised to meet the case 
of this metal). The co-ordinates used were 


E  20T 
i= F459 == : 
T=¢+200, H 00 te 1000. 


The observations plotted with these co-ordinates gave the sheared A-curve in fig. 12. 
From this curve three sets of mid-points of parallel chords were directly observed ; 
these sets of chords (as indicated by the short lines a, b, c, on the diagram to which 
they were parallel) made angles with the axis of temperature whose tangents were 
respectively + 4,0, —°4, three values easily read off from the millimetre paper. These 
sets of mid-points are shown above the short lines a, b, c, respectively ; each showed a 
remarkably close approximation to lying on a straight line, and the three lines were _ 
practically parallel, thus determining the curve to be a parabola. From the lowest 
twenty of the b-mid-points (those given in the annexed Table X.), the straight line lying | 
closest to them was calculated by least squares. Its equation was found to be 7 

H+47-75T=7418-7216 : : . (48) 


Ss 


TABLE X. 

Tel oT: H’.* T: 

150 152°3 250 150:1 
160 152°1 260 149°9 
170 151-7 270 149-9 
180 1516 280 149-6 
190 151°5 290 149°5 
200 151°1 300 149-2 
210 150°9 310 149°] 
220 150°5 320 148°8 
230 150°4 330 148°2 
240 150°2 340 148°1 


Hence the cotangent of the slope of the axis of the sheared curve is 47°75, an angle of about : 


twenty-nine recorded, the parabola of closest contact was calculated and gave for its — 
equation 


H 2 Au . ana 
(T+ igap tes 31847) =67 0360642( Wap +32 389402) . (49). 
more suitable for calculation, it becomes 

E= — 6,499,333-2 — 10,883°36 + 540,430°14 /0 . (50) 


* H’ is measured from an origin arbitrarily placed 250 below the axis of temperature, for convenience. 
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where 
6=t + 853-437 ; G1) 
Hence the equation of the Tait-line is 
dE 5. 270215:07 
aie 10,883°3 + mas a (52) 


The sum of the errors between the observed and the calculated values was + 20°73 — 20°71, 
practically verifying the calculation. From these the probable error was 4°45 micro- 
volts. Considering the unusually great range of the observations for this metal, namely, 
5900 micro-volts, the theory may be taken to agree with the observations. 

The B-curves, in fig. 12, are the calculated sheared curve, the K.M.F. parabola, and 
the Tait-line. Along the two former curves the observations are marked by small 
crosses. 


MacGneEsiom. 


On plotting the observations for magnesium it was found necessary to “shear” the 
curve, in order to determine its nature, and the slope of its axis if it should turn out 
to be a parabola. For this purpose the co-ordinates chosen were 


T=¢+ 200, 


E E 
H=55 + 27 — 300= 5, + 2¢+ 100. 


The observations were found to be very erratic between 10° and 100° C., so much so 
that it was difficult to make anything definite out of them. An attempt to draw the 
A-curve of E.M.F. was made, and as a further help the sheared curve also was drawn, 
thus affording two views of the deviations of the observations, and enabling the two 
curves to be fitted into correspondence as fairly as possible. These two A-curves are 
shown on fig. 13. From the sheared A-curve the mid-points of a series of seventeen 
chords parallel to the axis of T were carefully observed, the highest chord being that 
for which H=230. These points are shown on the diagram below the short line a to 
which they are parallel. To make allowance for the uncertainty of the upper end of 
the sheared curve, the mid-points of the chords for H = 210, 220, 230, were not used to 
determine the line of mid-points; the remaining fourteen mid-points for H =70, 

200, were alone employed, and by least squares, gave the equation 


H — 8:5643,74T = — 1171-22038 . (58) 


A second series of mid-points of parallel chords was observed ; these also are shown 
on the diagram below the short line b, to which they are parallel, and which makes an 
angle with the axis of T whose tangent is —%. They also lay closely on a straight 
line to the left of those marked under a; these two rows of points being clearly 
parallel, allow us to consider the curve to be a parabola. In accordance with 
equation (53), the axis of the sheared parabola makes an angle » with the axis of 
E.M.F. such that cot » = 8°564374 ; this value was adopted in calculating the equation 
of the parabola. 
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Notwithstanding the uncertainty attaching to the observations above 10° C., it was 
thought right that those to be used in the equations of least squares should be fairly 
distributed ; those selected are indicated by arrow-heads on the sheared A-curve, 
and will show that this idea was carried out. The calculation led to the equation 


2 
- 131-6952,18) = 102°7226,04(H + - 881434,8) _ (54) 


(1 oypu Eels Z 
85643, 74 8-5643,74 


Hence is derived, in a form more suitable for calculation, the equation 


H= 48691°329 + 131:287486 — 5115:0152 J é F ; : (55) 
where 
§=t+276-90308 , . (6) 


From this we get the equation of the Tait-line 


dE 2557:°5076 
i = 131 28748 — 7, — : 


(57) 
E being, as usual, in C.G.S. absolute units, and ¢ in degrees centigrade. 

By means of these equations the E.M.F. and sheared B-curves were drawn ; and 
on these curves the observations were plotted—for the sheared curve by small crosses, 
for the E.M.F. curve by large points. The sum of the errors between the observed 
and calculated values of H/20 was 28°1—28°3, which, being practically zero, verifies 
the correctness of the calculation. Hence the probable error was found to be +°76 
micro-volt, over a range of 126 micro-volts. Omitting the erratic observations above 
10° C., and one obviously inaccurate at — 51°25", the remaining seventeen observations 
are seen to lie remarkably close to the calculated curve. 

The vertex of the E.M.F. parabola is at the point ¢= 85°56", H = —1103°6. Through 
this point on the diagram the axis of the curve is drawn. This metal allows both 
branches of the ‘l'ait-line and its two asymptotes to be shown clearly ; the lower branch 
of the curve is that appertaining to the present question, the upper branch has at present 
no physical meaning. The horizontal asymptote is at H=1381°28, the vertical one is 
at £ = —276°9°. 


GOLD. 


As this gold wire was in a state of very great purity, it was one of the earliest 
metals to be examined. The observations were plotted and a curve drawn among them 
in the manner already described, the A-curve in fig. 14. From this curve ten values of 
di/dt were measured by means of the stretched thread, which, on being plotted, 
appeared to lie so nearly on a straight line (the line C) that this was assumed to be the 
case, and consequently that the axis of the associated parabola was without slope. The 
work at this point was laid aside, and on resuming it two years later, fresh measure- 
ments of dE/dt, eleven in number, were made on the same curve, A, which on being 
plotted gave again apparently a straight line, D. The measured values of dE/dt are 
shown on both these lines, the D line being placed a little above the C line for the sake 
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of comparison. The equation of this line, calculated by least squares from the eleven 


observed values of dE/dt, was 
dk 


2 2) - 
GE =garar7 et 315 6202) ’ . A F 5 4 (58) 
from which, by means of the corresponding observed values of EH, the equation of the 
parabola was 
(t + 315°6202)2 = 6-274770(E + 159363). ; . (59) 

The errors between the observed values of E and those calculated from this equation lay 
between + 0°85 and— 1:28 micro-volts, and the probable error was only +0°43 micro- 
volt, over a range of some 250 micro-volts. 

After another interval of three years, in 1903 a new and direct calculation of the 
equation of the parabola was made, leading to 


(t+ 314-0942)? = 6:24463(E+15868-074) - | 60} 


The errors between the observed values of EK from which this equation was deduced, 
and the values calculated from this equation, lay between +0°62 and —0°73, and gave 
a probable error of only +0°28 micro-volt. The curve B was drawn from this equation 
(60); all the recorded observations are plotted along it, and show a remarkable agree- 
ment with calculation. The corresponding equation of the Tait-line is 


aE alt: 314-0942) | (61) 
dt 6°24463 K : 5 ; : 
or, in the usual form, 
d¥/dt = 100°59658 + 0°3202752¢ . , : ; . (62) 


E being measured in C.G.S. units, and ¢ in degrees centigrade from the freezing-point. 

As a further test of the absence of slope in the axis of the E.M.F. parabola, the 
A-curve was sheared, graphically, from the line LM, inclined at an angle tan™* 5/6 with 
the axis of t. The sheared curve is the Sh-curve on fig. 14. The mid-points of a 
series of twelve chords of this curve, parallel to the axis of ¢, were measured, and 
(except the 1st and 11th, which almost coincide with other two points on the diagram) 
are plotted below the short line @ to which they are parallel. These chords are 
separated by 1000 C.G.S. units from each other, and the successive values of ¢, 
beginning with that immediately below the short line a, are 

= 5A°, = 549°, = 54°, 532°, 8h) 531", 53,085 bls 52s = ban ope 
The departure of any of these temperatures (excepting the last, which would be re- 
jected by Chauvenet’s criterion) from their mean is on an average less than the errors 
of observation, so that, as far as these observations go, the axis must be taken as 
vertical. 

Taking equation (59) as representing the A-curve, from which it was directly 
derived, the focus of the A-curve is at the point t= —315°6°, H= —249°4 C.G.S. units, 
and the equation of the directrix is E= —31374° C.G.S. units. The focus and the 
directrix are both shown on the diagram, and it will be found that any point on the 
A-curve satisfies, with great accuracy, the statement that it is equidistant from the 
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focus and the directrix. As a fact, this property was the earliest one employed in 
attempting to determine the positions of these curves, and the present A-curve was 
thus drawn and tested in 1898. 

‘The equation (60) is, however, to be preferred to equation (59), both because it was 
directly calculated from the observations and because it gives a smaller probable error 
than (59). In the most convenient form for calculation equation (60) becomes 

E= — 15868-074 + 0160137662 é ; (63) 


where 
6=t+ 314-0942 ; . (64) 


Piatinum (No. 1). 


It may be convenient to consider the other platinum observations here, for the 
sake of comparison with Callendar’s platinum, although the No. 1 observations were 
not examined till last year. 

The A-curve on fig. 15 was drawn with the same precautions as for the other 
metals, from the whole thirty recorded observations. . The working co-ordinates were 


T=¢+200, H=H/100+ 310. 


The mid-points of twelve chords of this curve parallel to the axis of ¢ were noted, 
and plotted on the diagram (above the short line a, to which they are parallel) ; 
they were 

Ee 107, 60-110", 160" 5 210.2607, 30; , 320°*, 330*, 340:*, 350-*, 360- 

= 156-4, 154-3, 152-7, 151-1, 149-3, 147-4, 146-0, 145-5, 144°8, 144-5, 144-2, 144°5. 
These lay so nearly in a straight line that it was permissible to take the curve asa 
parabola. ‘To save labour in calculating the locus of these points, only eight of them 
were employed, the four with the asterisk being omitted. The calculation by least 
squares gave the equation 
. H+29-535T=4916877_ . (65) 


leading to these errors in the values of H, 
+78, — 43, — 15, + °12, — -20, - 81, + 06, + 63, 


whose sum is zero, thus verifying the calculation; and producing a probable error 
of +35. From this we get the cotangent of the angle of slope of the axis to be 
29°535 (an angle of about 1° 56’). 

Following the same process as for Callendar’s platinum, the equation connecting 
E and ¢t, in its most convenient form, is 

E= — 1,303,998°87 — 2953-56 + 124,357:063 ,/6 | (66) 

where 6=¢+ 499-02596 
t being degrees centigrade from the freezing-point, and E measured in C.G.S. absolute 
units. 


The sum of the errors was 6°87 —7:05, which, being practically zero, verifies the 
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calculation ; and they led to a probable error of +°91 micro-volt over a range extend- 
ing from — 296 to +50, and back again to — 310 micro-volts. 
From this equation (66) we get the equation of the Tait-line, namely 
dE 62178-5315 
dt NL 
Both these curves are shown (the B-curves) on the diagram. 
From the experimental A-curve eleven values of dH/dt were measured directly, 
the particulars, similar to those in the former case, being given in the annexed 
Table XI. They are plotted along the calculated B-curve of the Tait-line, and verify, 


= — 2953-54 (67) 


TaBLeE XI. 

papas i ts Observ. Fract. t aes = 
4 904 60 Se! 754 3641 
4 68 29 — 484 — 2-895 
4 43 6 ee 244 ~ 2334 
6 19 - 22 ao aD ones ~ 1627 
4 se 2 ae ee _ 254 0-961 
4 ~ 50 — 84 a S50 ~ 67 +0°358 
\ ih = 06 sao sue Eons 41-265 ; 
4 ~ 97 129 ae ~113 +2052 
4 194 _147 Ss _ 185} + 3-058 
4 ~ 139 ~ 168 ae _ 153} +3848 
4 = 163 ~ 183 ote =173 + 4-946 


by a severe test, the assumption that the curve connecting H.M.F. and temperature is, 
for platinum, a parabola with an inclined axis. As platinum is the only metal for 
which observations on two specimens were made, it is interesting to compare the two Es 
results. The two E.M.F. parabolas and the corresponding Tait-lines are shown, to the — 
same scales, in fig. 16. The vertices of the parabolas are 


Pt (1), t= —56°83°, E+ 5012: 
Pt (Cantenpar), ¢= — 81°35°, E=12551- 


The values of dH/dt, when t=o, are respectively —170°08 and —296:21 C.G.S. units 
per degree centigrade. The two Tait-lines intersect at t= —148°7°, dH/dt = 368°51. 
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PALLADIUM. 


The curve connecting E.M.F. and temperature for this metal, though extending 
beyond its vertex, nevertheless afforded so small opportunity for an exhaustive test 
that it was thought more conclusive to treat it by shearing. ‘The co-ordinates of the 
sheared curve were taken to be 

T=¢+ 200, and H= E/200 + 2T — 100, 


and the observations gave the A-sheared curve on Plate XI. The mid-points of twelve 
chords parallel to the axis of ‘I’ were observed ; their values are given in the annexed 
Table XII., and they are shown on the A-curve above the short line a to which the 
chords are parallel. A second series of parallel chords gave the set of mid-points shown 
above the short line b to which this set of chords is parallel ; these chords make with 
the axis of T an acute angle whose tangent is 2/5, and therefore easily obtained on the 
diagram. ‘The b set of points again lie very closely on a straight line, which is, as — 
nearly as it is possible to observe, parallel to the line of the a-points. 


TaBLE XII. 

Tals Te ie ci 

130 1423 250 136 " 
150 1414 270 135 
170 1404 290 1332 
190 139 310 1324 
210 138 330 WS 
230 1337 350 1294 


From these twelve a-points the equation of the nearest straight line to them was 
found, by least squares, to be 


T+ = 150°127185 . : . . a 


H 
17°372817 
Hence the axis of the parabola makes a small angle with the axis of H whose cotangent 
is 17°372817. Adopting this value, the equation of the curve was calculated by least 
squares from twenty of the thirty-six observations recorded. The vertex of the curve 
was found to be at 

T= 127°1909, H = 363°620, 
and the latus rectum was 73'001867. These values lead to this equation connecting ie 
and H, 


H 2 / T * 
(ee 121322) =73 1227166{ -7-a79977 — H+ 356 29877 ) : : (69) 


or, in a form more suited for calculation, 


E= — 938656°42 — 387456346 + 1240451428 /6 : ; ; ( 0) 
where 
6=t+ 389°347142. 
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The sum of the errors, being the differences between the observed values and those 
calculated from equation (70), for the observations employed, was 11°16 — 11°14, which 
verifies the correctness of the calculation. Hence the probable error was found to be only 
—F2°58 micro-volts over a range extending from — 900 micro-volts up to 540 and back again 
to 410. If we distribute the errors partly to E and partly to t, as the theory of error 
points out, instead of entirely to EH, the closeness between the curve of equation (70)—the 
B-curve of E.M.F.—and the observations which are marked alongside by means of dots, 
is very remarkable for this metal. Omitting the two exceptional observations at — 114° 
and — 148°, the mean deviations of an observation are only ‘48 mm. on one side and ‘75 mm. 
on the other side from the curve, the length of the curve being about 550 mm.* 

The highest point of the E.M.F. curve is at ¢= —133°1°, H=54178. The vertex 
of this parabola is at #= —138°5°, H=54068°; and the tangent of the angle its axis 
makes with the axis of ¢ is 2/19°372817. 

From equation (70) we get the equation of the Tait-line, namely, 


dE 62022-5714 
Gi 7 ~ 38743634 + , et) 


The Tait-line, as well as the curve of E.M.F., are shown among the B-curves ; to prevent 
confusion, the temperature scale has not been entered for the B-sheared curve, but it is 
easily determined from the A-sheared curve. 


ALUMINIUM. 


The treatment of this metal was begun on squared paper divided into tenths of 
an inch, and, as the original curves are given for each metal, this has not been transferred 
to millimetre paper. In the free-hand A-curve the observations do not lie very close 
to the curve between — 75° and —120°; but, following the conditions under which 
these free-hand curves have been drawn, namely, continuity of curvature and continuity 
of change of curvature, it did not seem possible to draw the curve otherwise—in any 
case, this is the actual curve first drawn. The test employed to determine the nature 
of the curve was the same as before, namely, to examine if the mid-points of parallel 
chords lay on a straight lme. The mid-point of the longest possible chord is at a on 
the diagram, fig. 18, and below it four other mid-points are marked. These show some 
deflection from a straight line, but in the same sense in which the free-hand curve 
departs from the observations, as already noted. Another geometrical property of the 
curve was therefore employed to help to decide the matter, namely, that the intersection 
of pairs of tangents at the extremities of parallel chords meet on the line of mid-points. 
The tangents at A and B seemed to meet at b, and, as the line ab seemed fairly to suit 
the conditions, it was accepted as giving the direction of the axis of the parabola. The 
two points within small circles on this line were sufficiently far apart to give a close 
determination of its inclination to the axis of E.M.F., and from them the tangent of this” 
angle » was found to be 65/80, or 13/16. 

* See Note, p. 788. 
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From fifteen of the recorded twenty-nine observations, fairly evenly distributed, the 
equation of the curve was calculated by least squares. To simplify the calculations, the 
co-ordinates employed were 

T=¢+ 408, and H=E/100 + 100, 


and the equation connecting them was found to be 


(rT = 211-20145) = = 1148: 03269( 5 + H - 420° 65845 ) 2 
or, in a form more suitable for use, 
E= 65765: e444 9 - 5960-965 ,/6 : : : . (78) 
where 
6 =t+ 287°68268 . . (7A) 


The sum of the errors between the calculated and observed values of E.M.F. for the 
temperatures employed was 5:23 — 5°31, which, being practically zero, verified the cal- — 
culation; and the corresponding probable error was +°8 micro-volt, over a range 
of 214 micro-volts extending from — 190° to +100° C. 

The corresponding equation of the Tait-line is 


1 dE 16 1 59°60965 


100 dé» 18 ener 


or 
dE 2980-4825 


gO ae | | . (75) 

The B-curve of E.M.F. represents equation (73) within the range of experiment ; 
the observations being shown by small crosses. The vertex V of the parabola is at 
t= —74°91°, H=5002°0 C.G.S. units. 

The Tait-line CD was plotted from equation (75). It has two branches, part of 
the second being shown at EF; but no physical meaning has been attached to this 
second branch. In the case of a slant parabola, at some point there will be a vertical 
tangent ; this is at t= —287°7°. The corresponding point on the Tait-line is at infinity ; 
and, in fact, t= —287°7° is the equation of an asymptote (shown at GH) to the Tait- 
lime. This again corresponds with no known physical phenomenon, being at a tempera- 
ture below the absolute zero. On the other hand, at some real temperature the parabola 
has a tangent parallel to the axis of t; this is at 298°7° C., where the Tait-line cuts the 
axis of temperature—the neutral point with lead. Both upper and lower branches of 
the Tait-line stretch towards infinity with increasing temperature, and approximate to 
the asymptotic value 123°077, shown by the dotted line KL. The Tait-line is again a 
cubic hyperbola. 


ANTIMONY. 


zg 


The work for this metal was begun on inch-squared paper, as in the case of 
aluminium, and this has been preserved. Of all the metals examined (except iron) this 
gave the most trouble and has proved to be the most interesting. ‘The A-curve on 
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fig. 19 is reproduced in facsimile from the original curve. The curve was tested, as 
in other cases, by marking the mid-points of a series of parallel chords, all of which 
mid-points are shown on the diagram. ‘hus the straight line marked A was found 
from the seven mid-points, a@,,. ..«. Through a, a short line is drawn which is a 
portion of the first chord, whose mid-point is a, ; all the other chords of this series are 
parallel to it. From the diagram the points given in Table XIII. were read off, and by 
means of them the best line through them was calculated by least squares. ‘This is 
the A-line shown in the diagram. The first two series of mid-points plotted were those 
of Band C. ‘The departure from parallelism of these two sets of points was too marked 
to leave any idea of the curve being a parabola. Consequently, other sets of mid-points, 
six altogether, were plotted, A, B,. . . F, whose co-ordinates were read off and entered 
in lable XIII. For each of these series of points the equation of the corresponding 
straight line was calculated by least squares, with the following results :— 


TaBLe XIII. 
Table of Mid-Points of Parallel Chords. 


The Top Line gives the Inclination of the Chords. 


A, tan (- 4). B, tan7* 0. C, tan 4. DMtana: 1: E, tan 3. F, tan 2. 
100° 100° : 100° 5 100° 100° 100° 
~77-7 | 101°3 | —585 | 150: | —45°5 | 2297-5 | —15-5 | 1840 | + 4:0! 1763 | +19°5 | 163-5 
—73:0 | 86:5 | —52°5 | 125: | —41°5 | 204-0 | - 13-0 | 162-0 5:0 | 1560 | 21:0 | 1415 
~69:0 | 72:5 | —47:5 | 100: | —38-0 | 181-0 | —10-5 | 139-0 65 | 1345 | 22-5 | 120-0 
~64:0 | 57-0 | —42°0 75- | —33°5 | 157-5 | — 7-5 | 116-5 8-0 | 1125 23-5 | 98-0 
~60:0 | 44:5 | —37-0 50° | —30:0 | 1350 |— 5:0 | 94:0 105 | 91:5 25-5 | 75-5 
555 | 27-5 | —33-0 25° | —260 | 112:0 | — 3:0] 79-3 12-7 | 68-5 26:3. | 53-5 
—513 | 135 | —28-0 0: | -23:0| 885 |- 05 | 49-0 14:0 | 46:0 | 270] 43-7 
~195 | 66:0 | + 1:3 | 26-0 14:5 | 22-0 
—~160| 42:0 |+ 3:3] 5-0 af oN 
~14:0 | 18-0 
~105 | —5:5 
For A E . 3:3098¢= — 155-468 
or ) : . 100 = — 
B Cee ee a 
” ’ ‘ 2 100 Sie a 
E , 
Cet oe =F 66 59087— —— 66-796) 
100 (76) 
E 
ALI /  agpt oel7ée=+ 41-464 
E = 19-9969 = + 223-083 
i a ate 2 100 
F = | 15-94851 = + 475-998 
” ? . : 100 b= + 4/ 
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These lines are shown on the diagram ; they cannot be said to meet in one point. A is 
farthest out, F is next to it, the other four, however, are very nearly concurrent. On 
looking at the diagram, it will be seen that from —50° to —150° the curve has been 
allowed to fall somewhat below the observations, and therefore the series of mid-points, 
d,, ...4, is rather more to the left than it ought to have been. ‘This has the 
greater effect, naturally, at the lower temperatures, and hence, as the lower a-points 
are more correct, the upper ones tilt the top end of the A-line too much to the left and 
make the lower end correspondingly swerve to the right. The same cause equally 
explains the position of the F-line, so that one is somewhat justified in omitting the 
A- and F-lines from the determination of the point where the lines meet (the centre 
of the curve). Using therefore only the B, C, D, and E lines, the method of least squares 
gives, as the most probable position of the centre of the curve, 
t= 44°307° C., E= - 36073°6 C.G.S. units. 


The curve thus determined is one branch of an hyperbola, with a sloping axis. The 
inclination of the axis to the axis of E.M.F. can be determined from the lines A, B, C, 
D, E, F; but, as even slight variations in the inclinations of these lines cause abnor- 
mally large variations in the value of this angle, seeing it depends not on the absolute 
values of the angles of these lines but on their differences,* the results cannot be very 
strongly maintained. 

Having accepted the curve as an hyperbola, and found its centre, attempts were 
made both by calculation and mechanically to determine the slope of the axis. Three 
separate calculations gave — 5°63, —5'44, —5°46 as the values of the tangent of the 
(obtuse) angle made by the axis of the curve with the axis of temperature. The 
mechanical process was carried out thus :—two rulers, one perpendicular to the other, 
were laid upon the curve so that the edge of one should be opposite the mid-point of 
the other; they were then carefully moved together, like a T-square, round the 
centre of the curve, through which the former edge passed, until this edge was seen to 
bisect the chord of the curve shown by the other perpendicular edge. Taking repeated 
observations in this way, and combining their results with those already obtained by 
calculation, it was found that the values of the tangent of the angle, made by the axis 
of the curve with the axis of E.M.F., converged round a central value 1/5°45, which was 
taken to be the final result. 

To get the semi-axes of the curve was now a simple matter. The length of the 
transverse semi-axis was got by measuring along the axis the distance between the 
vertex and the centre. The conjugate semi-axis was found thus :—If in the usual 
equation for an hyperbola, x°/a’—y’/b°=1, we put x=a,/2, the corresponding value 
of y is b. These two semi-axes were thus found to be 7°156 inches and 2°281 inches, 


* Suppose a quantity « were to be determined from two numbers such as 542°3 and 548°7, each of which could be 
depended on to one-tenth per cent., 7.e. they might lie between 541°8 and 542°8, and 548-3 and 549-2; and suppose 
that « depended on their difference. This difference, therefore, might vary from 549°2—541°8 to 548°2 - 542°8—that 
is, from 7°4 to 5*4. Thus an error of inappreciable amount on the numbers themselves might cause a difference on the 
values from which « was to be determined of from 25 to 33 per cent. 
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measured directly from the A-curve.* As a corroboration of these values, use was made 
of a property of an hyperbola, namely, that if m=tangent of the angle any series of 
parallel chords makes with the transverse axis of the curve, and if m’= tangent of the 
angle their bisecting diameter makes with the same axis, then mm’=b"/a’. The value 
of (b/a)? is (2°281/7°156)’, or 1017 ; the values of mm’ are 
For the B line, tan 79° 36’x tan 1° 1’=-0967, 
» C ,, tan 73° 50’ x tan 1° 46’=-1040, 
» D ,, tan 55° 24’x tan 4° 20’=:1098, 
Ep aetamede 5) tan 6° 0 =—"1018, 
of which the mean value is ‘1027. The close agreement of these numbers allows us 
to consider the measurements as satisfactory. 
After a short calculation, the equation connecting # and ¢ was reducible to the 
following form, suitable for calculation, 
n= Lé+M /(&+N?). . ; £GD 
where 


n= & + 360°736 micro-volts, 


€=t — 44°307 degrees cent. 
L=2:97594 mic. volts, 
deg. cent. 
mic. volts 
deg. cent,’ 


N?=8414°05 (deg. cent.)?, 


M = 4°84987 


or, finally, 
= - 36073°6 + 2975240 + 484-987 /(62+8414-:05) (78) 


where 
6=t- 44-307 ; , ; _ (79) 


Hence the equation of the Tait-line is 


WE ak. gh 8 
Gi = 297524 + 484-981 eas) . (80) 


From these equations (78, 79, 80) the B-curve of E.M.F. and the Tait-line were drawn. 
The small crosses on the curve of E.M.F. mark the successive observations. From 
+ 100° to—85° they practically lie on the curve ; at lower temperatures the coincidence 
is not quite so good; but there is no systematic error, and possibly, but for the reason 
mentioned earlier in connection with the A-line of mid-points, this might have been 
improved. A reduced sketch of this curve and its Tait-line (somewhat foreshortened) 
is given below the B-curve. 
The equation of the Tait-line may be put in the form 


(n—b)(2+a%)=22 . (81) 
where 
é=t 44-307, a?=8414-05, 
_ dE b = 297-524, 
Sa c = 484-987. 


This is the equation of a quartic curve with two imaginary asymptotes parallel to the 


* See Note, p. 788. 
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axis of E.M.F.; and two real asymptotes parallel to the axis of ¢ whose equations are 
n= basco yor 

dE/dt =782°51, and dE/dt= -187-46 : . (82) 
These are both shown on the reduced curve. 

It may be noted that between the temperatures of — 28° C. and + 107° C. (approxi- 
mately) the Tait-line does not depart much in form from a straight line. The small 
circles on the Tait-line are the points calculated from equation (80) by means of which 
the line was drawn. 

SILVER. 

This was one of the earliest metals examined. A curve was drawn through the 
plotted observations, and properties depending on the geometrical relations of the 
parabola were employed to determine the focus and directrix, on the assumption that 
the curve was a parabola. This curve is the A-curve of H.M.F. on fig. 20. The focus 
was found to be outside of the diagram ; but the diagram was pinned to a large board, 
the position of the focus marked, and the following measures were taken :— 


Temperature Distance from focus to Distance from directrix to 
t point at temperature 7. point at temperature ¢. 
— 190° 215 mm. 215 mm. 
— 100° JOR 300, 
0° 430 _,, 430 ,, 
50° DOM. ss 5074 ,, 
100° 597 5, OEE” irs 


These amply justified the inference that the curve was a parabola, and (as it 
happened) that its axis was vertical. 

Having at a later period devised the method of shear, it was applied to verify this 
result. The above curve was sheared from the line CD which made an angle with the 
axis of ¢ whose tangent was 4/3; the ordinates thus obtained were multiplied by 3, and 
the result is the sheared curve EF. ‘The mid-points of a series of horizontal chords, 
parallel to the short line a, were observed and marked on the diagram. They are 
naturally a little uncertain, but the run of them does not justify any idea that they 
indicate other than a vertical axis. From fourteen fairly evenly distributed observa- 
tions the equation of the parabola was calculated by least squares. The co-ordinates 
used were 

T=t+ 200, and H = E/200 + 300 ; 
the equation that was obtained was 
(T + 200°7247)? = 541:45275 (H — 2°1510465) : . . (83) 


or, arranged for calculation, 
E= —59569°79 + 369376602 . : : : . (84) 
where 
6=t+ 400-7247 : . (85) 


‘The sum of the errors between the observed and calculated values of H was 5'83 — 5°89, 


which verifies the correctness of the calculation. These gave a probable error of +153 


micro-volt over a range of some 760 micro-volts. 
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From equation (84) we get the equation of the Tait-line, in this case a straight 


line, namely, 

di /dt = 2 x *36937660 . : : : : . (86) 
or 

dE /dt = 29603673 + °7387534¢ . ! . . (8H) 


The curve of E.M.F., which is given by equation (83), is shown as the B-curve on fig. 20, 
and along with it is given the Tait-line. 


THe THERMO-ELEcTRIC D1aGRaM. 


From these calculations the thermo-electric diagram of fig. 21 was constructed, to 
the scales marked upon it. This was completed on 7th July 1909. 

During the long period throughout which these calculations have extended, the 
cause of the sloping parabolic axis has continually been a matter of research to me. 
It seemed as if it were dependent on the lowness of the temperatures at which Dewar 
and FLemrne carried out their investigations, for no other observer had done otherwise 
than take for granted that the Tait-lines were straight. Where this had not been 
done, empiric formule had been adopted, beginning with the first one proposed by 
Avenarius; and Professor Stras Hoxtman had discussed all those proposed, and 
suggested some new ones, of which one would be suitable for one set of observations 
and another for another set. Professor Tarr had suggested a run of successive ares of 
parabolas with varying parameters, but parallel axes, subject to the condition of common 
tangency at the points of exchange, and had given formule of connection for them; 
but these were mainly called forth by the quite anomalous performance of iron in the 
first place, and later of nickel. His general conclusion was in favour of “parabolas 
with their axes vertical”—which he “found by actual measurement of curves plotted 
from experiment” to be the case within “the inevitable errors of experiment” for the 
‘junctions of any two of iron, cadmium, zine, copper, silver, gold, lead, and some other 
metals,” and this “ within the range of mercury thermometer.” In a note, added later, 
he amplifies this to the case of “‘a curve symmetrical about a vertical axis”; but at the 
same time he fixes his mind on the parabola as the curve in question and goes on to 
make a deduction from it. The deduction is that if the E.M.F. of one pair of metals be 
plotted as ordinates to the E.M.F.s, taken at the same instants, of another pair of metals, 
the resulting curve is also parabolic, but now the axis is no longer vertical. He proves 
this immediately by referring to the case of a projectile in vacuo becoming subject to 
a constant horizontal force, the resultant of which with gravity would still be a constant 
force, but no longer vertical, and therefore the trajectory would be a parabola but also 
no longer vertical. Clearly, if we start with two inclined parabolas, one giving abscissee 
the other ordinates, these two will have a “resultant ’—like Professor Tarr’s—but again 
with a differently inclined axis. Hence his deduction does not militate against an 
inclined axis. Now, while he prefers the parabola with the vertical axis—excluding 
iron and nickel—he notes that when the range of temperature is great enough, “ when 
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the temperatures were very high, the parabola was slightly steeper on the hotter than 
on the colder side,” but he considers this as “‘ within the limits of error.” He bestowed 
very great attention on iron, tracing its H.M.F. curve up to a white heat, but unfor- 
tunately leaving the temperatures to be expressed by the H.M.F.s of two alloys called 
N-—M, taken at the same instants as those of Fe—N, the constitution of N being 
15 per cent. iridium and 85 per cent. platinum, while that of M seems never to have 
been determined. 

At this stage it seemed worth while to examine some of Tait’s work, not merely by 


‘ 


“‘superposing ” curves of experiment upon ‘“‘a nest of parabolas with a common vertex 
and axis, but by the methods | had already adopted. Here again one has to say 
“unfortunately” Tarr has hardly published a single set of observations, though all 
coming from him must have been of the greatest value, and of these there must have 
been a very great collection. However, by a careful search, | have discovered two sets 
made by two of his student-assistants, Messrs J. Murray and J. C. Youne, and recorded 
in the Proc. of the Royal Socrety of Edinburgh, in Feb. 1871: “ Their first sets of 
observations . . . were made with an iron-silver and an iron-platinum circuit working 
opposite ways as a differential galvanometer. ‘The resistances (including galvanometer 
coils) were in this particular experiment 53°1 and 25-9 B.A. units respectively, so that 
but very slight percentage changes could be produced in them by the elevation of 
the junctions. . . . To show the parabolas due to the separate circuits, and thus exhibit 
the advantage of the method, I have requested the experimenters to break the circuits 
alternatively after taking each reading of the complex arrangement, and take a rough 
reading. The last four columns of the Table give the results; but, as the temperatures 
were probably slightly different from these in the first columns, no very direct com- 
parison can be instituted. A glance at the 4th, 6th, and 8th columns, however, shows how 
nearly a linear relation between temperature-difference of junctions and galvanometer 
deflection has been arrived at in the composite arrangement, while the separate circuits 


give marked parabolas.” 
Murray and Young's Table. 


Deflection Deflection Deflection 
Low Tem- | High Tem-|} Pt—Fe, for Incre- eae for Incre- for Incre- 
perature. Sette Ag—Fe. ment of Ee ment of oS ment of 

10°C: 10° C. 10°C. 
12°3 C. 39°0 C. 28°5 10:67 44: 16°28 ee 6°32 
. 12 61:5 10°30 96:0 16-08 36° 6:03 
5 104° 93-0 10°14 143°5 15-55 51°5 5°61 
c 146°5 136°5 LOW 202°5 15:08 68:0 5:06 
12°6 185° 172-5 10:0 250-0 14°50 77:0 4°46 
Pe 202°5 1905 10:03 268°5 14:13 79°5 4:18 
12-4 229°5 2195 10°11 298°5 13:74 81:5 3°74 
- 251°5 239-0 10:0 318-0 13°30 81:0 3°38 
12°5 263:0 250°5 10°0 330°0 13°16 80:0 3°19 
mA 272-0 260°0 10°0 337°0 12°98 80°0 3°19 
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THERMO-ELECTRIC DIAGRAM FROM — 200° C. TO 100° ©. 785 


In fig. 22 I have plotted these two sets of observations for Pt-Fe, and Ag—Fe 
as ordinates to temperatures as abscissee. In the case of Pt-Fe, I sheared the curve 
directly from the “plot” as shown, at the same time multiplying by five; the result is 
the sheared curve. A nearly vertical row of fourteen black dots gives the mid-points 
of as many horizontal chords. These showed a slight slant. I therefore drew carefully 
a set of parallel chords of the original curve. Parallelism was obtained thus :—Pins 
were driven into the paper at A and B, a ruler laid against them, and the chord drawn ; 
each pin was moved up 2 mm. and another chord similarly drawn; and so on. Seven 
such chords, with their mid-points, are shown ; the straight line extending up and down 
from them shows very clearly that these observations of Professor Tarr give a slant 
parabola (or at least conic). The ten observations are marked on the curve, and lie on 
it remarkably closely. 

With the same method I plotted the Ag—Fe observations (above the Pt—Fe), and 
by means of pins at C and D drew seven parallel chords, marking their mid-points 
as before. These mid-points, again, clearly lie on an inclined straight line, and 
demonstrate a parabola with a non-vertical axis. The observations are marked along 
the curve. The ordinates in both cases are galvanometer deflections, and the tempera- 
ture, in both cases, is measured from a mean zero at 12°5° C. 

To examine this point further, I took a set of experiments of Messrs HoLzorn 
and Wren,* and a set of experiments of Professor Barus.t The former was a set 
of observations on “ Thermo-couple A,” the first series given on p. 127 of their paper. 
The curve shown on fig. 23 having so great a sweep, and so slight a curvature, was 
difficult to construct so as to maintain both constancy of curvature and constancy 
of change of curvature. But all the recorded observations are marked along it by 
means of small crosses, so that | must leave it to others to say if the curve fairly 
represents the observations. The curve produced is a facsimile of the original curve 
employed. At A and B is shown the pin method of getting parallel chords, eleven in 
number. Short lines are drawn perpendicular to the chords at the points where they 
cut the curves; the mid-point of each chord bisects the distance between these two end- 
marks. The locating of these end-marks can be done with considerable precision by noting 
the positions of two ordinates (one on each side of the required end-mark) on which the 
chord and the curve are separated (say) by one millimetre. Beginning with the longest 
chord, and excepting the 8th, 9th, and 10th mid-points, the remaining eight lie very nearly 
on such a line as the one shown. Here, again, the evidence of a slant parabola seems clear. 

Similarly with Professor Barus’ observations, I took the first set, Series I. on p. 15 
of his paper. The same difficulties occurred here as with Messrs Hotgorn and Wren’s 
curve; but the same care was exercised, and the six mid-points of the six parallel 
chords show an unmistakably slant parabola. At C and D are shown the arrangements 
for the pin method of drawing the parallel chords; and the observations and end-marks 
are given as in Hotporn and WIeEn’s curve. 


* Wired. Ann., xlvii. (1892), pp. 107-134. + Phil. Mag., Ser. V., vol. xxxiv. pp. 1-18. 
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THERMO-ELECTRIC DIAGRAM FROM — 200° G. TO 100° CG. 787 


Some exception may be taken to the minuteness of the numerical work in the 
calculations—that it goes far beyond what is warranted by the experiments, that four 
places or five places of significant digits would have been enough. I will answer this 
in two ways: First, the solving of a set of linear equations (in the present case generally), 
three equations for the determination of three unknown quantities, see equations (9, 11), 
depends on the differences between numbers, and, in the present case, these numbers 
were not unfrequently very nearly equal. As example, starting from equations (11) 
with the numerical values inserted, and using 4-place logarithms, the value obtained 
for yis 89°72. Now the value obtained more accurately is 90°20841 ; this is the value 
of p sec », where p is the parameter of the parabola and » is the angle its axis makes 
with the axis of E.M.F. The value of p hence deduced is 90°01381, which differs 
from y by 1946, while the inaccurate y differs from the correct value—the value really 
contained in the data—by °4884. To attempt the work with 4-place logarithms 
would therefore ignore the inclination of the axis some two-and-a-half times. My 
second reply is—it may be granted that I would naturally adopt the process entailing 
a minimum of labour. In accordance with this postulate, on at least four occasions 
I began solutions with 5-place logarithms, only to find that (in the language applied 
to some differences in logarithmic tables) the results became “irregular” ; for, on 
attempting to verify by substituting these results in the original equations there was no 
question of agreement. 

A reference to the first, second, and final attempts to determine the curve for copper 
as shown by ©, D, and the final curve on fig. 7, points to the need for great accuracy 
in order to obtain correct results. 

Again, the working equation for nickel (p. 764) was obtained in the form 

E/200 = — 32496-666 — 54-4160 + 2702:1507 ,/8, 
with 
6=t + 853437. 


One is tempted to take the approximate form, 
H/200 = — 32500 — 54426 + 2702,/6. 


The approximation amounts to allowing 


in the absolute term an error of 3°5 on 32500 or 0:1 per cent., 
» coefficient of 6 ks 3:3 on 54420 ,, ‘006 ,, 
» coefficient of ./ 3 14:0 on 270000 ,, -005 _,, 


I give these two results calculated by the correct and by the approximate formule, 


at ¢=26°77°, E/200= — 226-4, = — 229: approx. difference 2°6, 7.e. 1:2 per cent. 
at t= —140°, E/200= 855°6,= 847 approx. difference §°6, 7.c. 1:0 


9 


These differences are 5°2 and 17°2 micro-volts, while the probable error (p. 765) is only 
4°45 micro-volts. 
It is enough therefore to note, that on two widely different temperatures, errors in 
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the constants so small as ‘01, ‘005, and ‘006 per cent. are great enough to produce errors 
of as much as 1 per cent. in the results aimed at; or, in other words, to produce errors 
from 100 to 200 times their own relative magnitudes instead of being merely propor- 
tional to them. 

In conclusion, the thermo-electric diagram, investigated now from the experimental 
researches of Professors Dewar and FLEMING, is to be taken as dealing only with the 
range of temperature from — 200°C. to +100° C. The curves calculated have been shown 
extending from — 400° C. to +300°C., but not for extrapolation ; the purpose is to show 
how necessary it is to determine the real nature of a relation between two correlated 
quantities, and to guard against being misled by what appears to be the case instead of 
the reality—as, for example, in the case of copper. 

I have appended, for the metals examined, a Table of the values of the observed 
E.M.F-.s referred to centigrade temperature. 


Nore.—All the diagrams, except those for Al and Sb, were originally drawn on millimetre paper. 


This can be made out from the figs. by recalling that a degree of temperature was always represented by _ 


1 mm. Hence in the corresponding figs. the small squares are the photographic reductions of square — 
centimetres in the original diagrams. Those for Al and Sb were drawn on inch paper, hence the squares 
in figs. 18 and 19 represent inch-squares in the original diagrams. 


INDEX OF METALS. 


Pt (Callendar), 1898 . : 3 page 743 ‘ ; fig. 3 
” E 1908 . , 746 ee ; 
German silver . : ; ; oO) ; ‘ ae) 30 
(Git : j : : hoe : ; etme wh 
Zn : : : : : an xo , : ae! 
Cd ‘ : : 5 : wy (axe : : eo) 
Ni : 5 5 ; ; » 164 : : lh? 
Mg .. : : : : 5, Was : j eres 
Auy : : > : 3 OO : ' lid 
Pir : : : : oo : : 5 NS) 
dato ; é ; ‘ ne Le ; : Py mlité 
Al : j : ; 5 oa ee! ; ; 55 its) 
Sb : : : : : no HE ‘ ; 9 le 
Noe os. ; ; : : so) j : 5 20 
Thermo-electric diagram ‘ 5 tee ; : call 
Tait’s observations. ; A 5 Oe : ; 22 
Bolen and Wien s observations \ 785 a , 23 
Barus’ observations 


THERMO-ELECTRIC DIAGRAM FROM — 200° C. TO 100° ©. 789 
1. Platinum. 2. Platinum (Call.). 3. Gold 4, Palladium. 5. Silver. 
imCrenB(C:Ges:).) 2 ©. \E(C:G.S:).| ~¢ Co (H(CG:G:S.)e) °C. /E(C.G.S.). fC, |\EC:G:S.). 
99°75 | — 29630 100:05| — 43550 99°75; +11600 99°95, — 90920 99°95 | +33200 
89:99} — 25370 90°71; —38530 | 89°89} +10330 | 89°79) — 79810 89°69) + 29140 
80°77 | — 21920 83°50 | — 34950 | 80°57; + 9020 80°27 / — 70570 80°77 | +26090 
70°50, — 18200 73°21 | — 29320 | 70°29| + 7670 70:09 Pe 59380 69°99) +22100 
60°56) — 14670 63°77| —24840 | 59:96| + 6675 59°86} —50220| 60-06 | + 18960 
50-47| —11750 53°96 | — 20360 | 50°47) + 5380 50°47| — 41210 50°57) +15490 | 
41-21; — 8910 44-99| 16440! 41:11) + 4430 41-11) -32680 |; 41:01} +12410 
40°51 | -- 8850 33°88 | — 11550 39°42} + 3820 38°23 | — 29960 37°54) +10970 
32°79 | — 6830 24:40) — 8130 32°79| + 3440 32°89 | — 25680 32°89 | + 9820 | 
25°09) — 4920 16°34} — 5270 24°80} + 2340 24°31; — 18030 23°91| + 6730 
24°31} — 4760 15°36) — 4740 24-11} + 2260 24:01) — 17970 23°62) + 6400 
15°46; — 2830 8:99} — 2650 15°66} + 1510 | 15°75} — 11380 15°85| + 4460 | 
15°36; — 2810 |— 6:02} + 1740 15°36| + 1390 15:26] —11200 | 15:26) + 4270 
12:22) — 2050 |— 15°51) + 4620 12°22; + 1360; 12:22) — 9140 | 12°22); + 3860 
11:54} — 2080 |— 26°89) + 7060 10°85) + 940} 10:26; — 7450 9°38) + 2210 
— 563) + 1090 |— 42°30; + 9610 |- 670) - 830 es 6-70) + 5480 |— 6:12) — 2050 
— 932] + 1530 |}- 50°78) +10810 |- 806; — 840 /}— 7°38] + 5610 |- 8:06] -. 2650 
— 21:01} + 2800 |- 59-69} +11910 |}- 20°43; -— 2020 |— 20°14] +13630 |— 19:28| — 5630 
— 8734) + 4530 |- 68:90} +12370 |- 36:19] - 3340 |- 35:43) +23740 |- 34:57| — 9630 
254-29) + 4980 |— 77-29 +12770 |— 53:44) — 4970 |— 53:25) + 33010 |— 52°39) — 14590 
— 62:06) + 4750 |- 87:10| +12540 |- 62°52} -— 5680 |— 62:°72| +37640 |- 63-00} —17580 
— 76°92) + 4150 |—100:30| +11820 |-— 77:01} -— 6940 |- 77:10] +438810 |— 77:10} - 21060 
— 85°80 + 3520 |-116:07) + 9090 |- 8468) -— 7370 - 83:74| +45730 ie 82°53) — 22260 
—103°53| + 1010 |-129:70| + 5670 |—102:42} - 8690 |-101°50|} +50270 |-100°30) — 26150 
127-24) — 4150 |- 14251) + 2280 |— 126-33} — 10160 |— 114-33} +51900 |— 123-13] — 31250 
—150°82| — 12040 |—153:88; — 1490 |—149°65) — 11560 |—124:50) +53830 |—146°76| - 35520 
—168°66| —19220 ,-166:70| — 7470 |—168°39} — 12420 |—129°34| 453980 |—166:79| -— 39270 
—179°16| - 24690 |—174-89) —10810 |—179-07| - 13020 |— 129-89} +54140 |-177:20| — 41260 | 
—182:26; — 26590 |-181°55| — 16140 |—182:26) -— 13040 | -130°52| +54170 |- 182-35) -- 42060 
— 190-47, — 30930 | —190:29| —13420 -—131:35) 454230 |— 189-94 — 43400 
=141-70| +53840 | 
'— 143°60) +53520 
145-14] +53380 
~148:03| +52660 
—167°41) +49360 
—178:09| +49650 
— 182°35|) +44530 | 
—189°94| +41110 | 
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6. Copper. 7. Zine. 8. Cadmium, 9. Magnesium. 12. Nickel. 


ro. |K(C.GS.).| °C. |KOGS).! ec |ECGS).| #o IKCas).| ec |CGS). 


99°95, +31590 | 10005) +32390 | 100:05| + 48020 99°95) — 1260 99°95 | — 188860 
89:59 | + 27520 89°59 | + 28060 89:59; + 40940 89:99) — 1210 85°94 | — 158380 
81:18) +24500 79°97 | +24360 80°67  +35480 83°91} -— 1150 81°69 | — 150070 


69:89| +20860 | 69:89] +20920 69-79) +29370| 73:72} - 960| 72:31|/-—130890 
60:46; +17850| 60°56| +17970| 60°66| +24600| 63-67} - 800] 62-:07|-110810 
51:07] +14320 | 49°87| +14100| 50-°07| +19380| 55:06] - 760| 53:96|- 95400 
40°81} +11540 | 40°71| +11100| 40-71) +15030| 4459} — 780] 48-67|- 85430 
36:85| +10060 | 35°46) + 9260] 36:15| +12810| 33:68] - 610] 33:38|- 57140 
32°89| + 9120| 32°79] + 8880 | 32°89] +11560| 23°81) — 3840 | 296-77)— 4angom 
23:81| + 6200| 24:01] + 6180 | 23°81] + 7920 16°34] — 190] ° 16°34/— 26740 
22-73| + 5780 | 21:16) + 5140 | 21°85] + 7000| ° 15°36; - 190 15°56|— 25530 
15:95 + 4190 15:°95| + 4270 15°95| + 5160 8-99} - 230 919|-— 14790 
15:17| + 3880 15°16| + 3780 | 15°16] + 4680 |- 5:53 60 |— 854/+ 14110 
12°22) + 3610 12°32) + 3450 | 12°32| 4 4330 |- 14-16 280 |— 17°54|+ 27570 
8:80 + 1985 7-53| + 1620 B11 22205\— 26.98 


- §53| — 1770 |— 301) — 810 |- 369] — 1180 |- 42°97 
- 864; — 2630 - 10:19) — 2600 |— 9-41) — 2900 |- 51-25 
= 18-91] — 5070 |= 17°63) = 4500: /=.18:31)| — .5120 |=. 60-45 
— 33°80) — 8830 |- 32:46) — 7840 |— 33:23} - 8560 |- 69-09 2160 |- 64:03)+ 94230 
— 51°35) - 13130 |— 49-73} -11700 |— 50-40) —12140 |- 77-29 2530 |- 77:10|+ 109470 


4. 
+ 
= 
+ 1110 |- 39°44|+ 60180 | 
i 
rf 
nf 
i 

— 63:56} —15970 - 63-28| —14220 |- 63-47] - 14290 |- 85-24| + 3180 |— 79-82|+112400 
+ 
+ 
+ 
+ 
+ 
+ 
- 
+ 


1310 |— 48:02 


* 
‘ 

600 |— 27-37!+ 42520 
+ 
+ 72990 
iF 


1830 |— 56°57 84490 


— 77:01] —19240 |— 76:82| -—17130 |— 76°92) —16350 |— 98°82 3900 |- 92°69 | + 126290 
- 81°78} -— 20300 |- 80:75) —18100 |— 81:13} —17200 |-114°51 4910 | - 106°86 | + 141470 
— 97°28} -24180 |- 9761] —21140 |- 98°45) —19340 | — 128-43 5910 | - 122°58 | + 156090 
- 122-49} —28550 |-—120:20) — 24640 |-121°48| - 21450 | — 143-24 7160 |—140°52 | + 171260 
—145°50| -— 32980 |- 142°69| — 27540 | - 144:23| — 23410 | —- 154-96 8210 | - 150°46 | + 178190 
- 166°61| -— 36620 |—164:73| — 30910 |-—165:98| - 25330 | - 16661 9430 | — 164:10|+187180 
—17658| —38320 |—175-25) - 31900 |-175-87| — 26090 |-171-15 9990 | - 169°11 | + 189730 
— 182°26} —40050 |- 182-35} — 32140 |—182°35| — 26460 |— 181°55 11330 | — 181°55 | + 198040 
|— 182°36| — 39920 |-189-76| -— 33000 |-189°94| -— 26940 
—190°03| — 41350 
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17. German Silver. 


tC. 


E(C.G.S.). 


— 125050 
— 110490 
— 95650 
— 85890 
— 69920 


— 57530 | 


— 45940 
—~ 36440 
— 32260 
— 28820 
= 1780 
= 17340 
— 16220 
13570 
3910 

320 
13070 
14790 
28390 
43170 
58180 
70910 
74030 
85250 
4+ 97580 
+ 113170 
+ 124670 
+ 133830 
+ 139270 
4139540 
4141950 


+++ ++ 4+ 4+ 4 4 


22, Antimony. 


23. Aluminium. 


ae K(C.G.8.). Ie E(C.G.S.). 
98-12 + 31560 99°85 — 3940 
87:66 + 25800 93-04 — 3650 
74:42 + 18920 81°69 — 3260 
59-56 + 13200 71:90 -- 2990 
49°97 + 9820 62:27 - 2730 
39°03 + 6990 53 16 2950 
26:28 + 3950 47°68 =7070 
19-88 + 2790 33:48 — 1430 
811 + 1030 26-97 — 1100 

— 5-24 160 16°34 - 560 
= 16:28 =| 760 15°66 0) 
— 93°42 — 960 9-29 Lp 410 
— 33-90 = *810 - 9:03 + 380 
= 44-97 = 440 — 18-99 + 1020 
— 57-80 eho E2785 + 1440 
— 77-94 + 1960 = 37-82 + 2300 
— 91:20 + 3180 — AT-44 + 2690 
—114:97 + ,6280 — 56:38 + 3350 
— 132-16 + 8360 — 63:28 + 4040 
— 144-05 + 9970 = 77-29 + 5240 
— 152-35 + 10930 — 77-94 + 5250 
~168°13 + 12900 — 91-29 + 6520 
STS ~ +13990 — 105-10 + 7910 
| = 121°30 + 9400 

— 138:97 +11360 

— 149-11 + 12410 

— 163°30 + 14530 

— 16902 + 15150 

— 181°55 + 17420 
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XXVI.—The Plant Remains in the Scottish Peat Mosses. By Francis J. Lewis, 
M.Sc., F.L.8., Lecturer in Geographical Botany, University of Liverpool. Com- 
municated by J. Horne, LL.D., F.R.S. (With Five Plates.) 


Pan Pav, 


Tue Scorrish HigHnanps aND SHETLAND, WITH AN APPENDIX ON THE 
IckLANDIC Prat Deposits. 


(MS. received June 2, 1910. Read July 18,1910. Issued separately March 31, 1911.) 
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The present paper deals with further investigations into the structure, the stratifica- 
tion, and the plant remains of peat deposits, carried on in various districts during 1907, 
1908, and 1909. 

The objects of the research, stated briefly, are to determine, as far as the state of 
preservation of the material permits, the history of the flora on peat-covered areas since 
their formation during the later stages of the glacial period. This really resolves 
itself into a research dealing with the changes in distribution undergone in post-glacial 
times by part of the British flora. Considering the great extent of peat areas in Britain 
and the laborious work of detailed examination of stratification in the field and peat 
material in the laboratory, it is obvious that many years must elapse before any 
complete account can be given of the history of such deposits in the British Isles. 

So much attention has been given during late years to this subject in Sweden, 
Denmark, Norway, Germany, and Switzerland that investigations on peat mosses in 
Britain are needed, not only for the object of working out the history of events in this 


country, but for comparison of these events with those on the Continent. 
TRANS. ROY. SOC. EDIN., VOL. XLVII. PART IV. (NO. 26). 116 
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Technique.—Very little can be made out from the peat in the condition in which it 
is collected from the various sections. It is easy to recognise certain characteristic _ 
plants such as Calluna, Scirpus, Carex, Eriophorum, Empetrum, Salix; but for the 
proper collection of seeds, fruits, and leaves, and the smaller plant remains—-such as 
mosses, alove, diatoms, pollen grains, of which so much of the peat is built up—it is 
necessary to treat the material by detailed analysis in the laboratory. 

During the examination of material described in this paper, I have used the carbonate- 
soda method described by Mrs EK. M. Rerp (1), and the nitric-acid method described 
by Gunnar ANDERSSON (2). The first method consists of boiling the peat in a con- 
centrated solution of carbonate of soda until the various humous acids cementing the 
plant remains together are completely dissolved. In the other method the peat is 
placed in dilute nitric acid until it is completely oxidised, when the material becomes 
filled with bubbles of gas and the plant remains fall apart. The former method gives 
satisfactory results, particularly with extremely hard, dry peat, but the nitric acid 
possesses certain advantages over the carbonate of soda; with the former method the 
peat is bleached, and it becomes easier to separate the seeds from the rest of the 
material, and this is further facilitated by the gas contained in the seeds, which causes 
them to float on the surface of the water. The best results are obtained by immersing 
the peat in from 10 per cent. to 50 per cent. nitric acid, according to the amount of 
water contained in the peat and the closeness of texture of the material. Prolonged 
treatment with weak solutions is more satisfactory than rapid treatment with strong 
acid. After the material has been thoroughly separated by the action of the acid, it is 
poured into a metal or glass cone fitted with several sieves of varying mesh, and is 
washed by a continuous stream of water. In the collection of the finer material, such 
as pollen grains, algze, diatoms, the wash is collected in tubes as it issues from the outlet 
at the base of the cone. The coarser material quickly settles to the bottom, and 
samples can be collected with a pipette and mounted in glycerine or Ferrant’s solution 
for examination under the microscope. The finer material which remains in suspension 
can be collected by placing a small quantity of the water in a centrifuge. The most 
delicate organisms, such as diatoms, desmids, and palee grains, can be collected in this 
manner and are frequently quite uninjured. 

The larger fossils which remain in the sieves after washing are placed in glass dishes 
and separated from the shreds of epidermis, rootlets, etc., under a dissecting microscope. 

Serial sections, with a Cambridge rocker microtome, can be made from small squares 
of peat by the usual method and mounted in Canada balsam, but no staining is required, 
owing to the natural dark brown colour of the peat. 

During the last seven years thirty-seven districts in Scotland and one in England 
have been examined, and every quarter of Scotland in which peat deposits occur has 
been laid under contribution, except west of a line drawn from Oban through Glasgow | 
to Ayr. ‘These districts have been fully described in former papers, and a brief summary 
of the salient features is given in Part III. of this series (3). 


ON THE PLANT REMAINS OF THE SCOTTISH PEAT MOSSES. EDD 


THE AREAS INVESTIGATED. 


1. SHETLAND. 


(One-inch Ordnance Survey, sheets 125, 126, 127, 128, and 130).—In 1909 a 
second visit was made to Shetland for the purpose of settling some questions 
suggested by an examination of the material obtained from the Walls district in 1906. 
In addition to this, it was desirable to investigate some of the large areas of peat else- 
where in these islands. In many parts of Shetland, and particularly in the Walls and 
Northmaven districts, large areas of peat have been cut for fuel, resulting in the 
exposure of numerous long sections which in most cases go down to the glacial drift. 
These sections are nearly always situated either upon steep slopes or undulating 
ground. 

During the last visit to this area a large number of sections and borings were taken 
over the untouched moorland, and a comparison of these sections with those exposed 
by the peat-cutters shows very clearly that the deposits began their growth at two 
distinct times. ‘These two growths can be distinguished from one another by their 
stratification and position. 

The stratification of the older deposits can be summarised as follows :— 

1. Peat formed of Scirpus, Eriophorum, Sphagnum, and Calluna, not stratified. 

2. A bed about 3-6 inches in thickness containing arctic plants. 

3. Peat formed of Sphagnum and Eriophorum. 

4. A forest bed of Betula verrucosa, Ehrh., Gorylus avellana, and temperate wood- 

land marsh plants. 
. Arctic plants. 


on 


6. Glacial drift. In the mud between the stones immediately under the peat occur: 
the remains of a fresh-water plankton: Navicula viridis, Kutz., Cosmarvum 
Meneghinn, Bréb., Epithemia Argus (Ehrenb.), Kutz., amongst other forms. 
These characteristic beds may locally be separated by thin beds of Phragmites 
or Eriophorum. ‘he average total thickness of this peat is from 12 feet to 
17 feet. 

The newer deposits exhibit no stratification, and consist throughout of the remains 
of Calluna, Scirpus, Eriophorum, and Sphagnum. ‘Small patches may occur at different 
levels composed entirely of Sphagnum or Eriophorum, as shown in Plate III. fig. 5, 
the lighter streaks being Sphagnum, but no true stratification can be made out 
in the sections as a whole. ‘The basal layers of peat in this series and the upper 
layers of drift upon which they rest merit detailed description. No arctic vegetation 
can be distinguished at the base of this peat.. The lowest 2 or 3 inches is much com- 
pressed, and contains numerous small flakes and fragments of birch bark, small birch 
twigs, stone cells similar to those present in the cortex of birch stems, and xylem 
elements. ‘The peat is underlaid by 12 inches of closely packed stones, with fine sand 
and loam between. Here and there occur patches where the finer material is mixed 
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with peaty debris, which, on examination, yields small pieces of birch bark and xylem 
elements. Small birch twigs are occasionally met with in this layer. The stones and 
boulders bear evidence of weathering, and the whole layer is strongly suggestive of an 
old land-surface long exposed to subaerial denudation before the overlying peat began 
to form. This passes downwards into compact boulder clay consisting of stiff, sandy 
clay containing many large stones and boulders; after the clay, which clings to them | 
closely, has been washed away, many of them are found to be strongly striated. So far 
as I have seen, this succession is repeated in all the areas covered with the later growth 
of peat that were examined in 1909. Particulars of individual sections will be given when 
describing the several districts visited. The areas to be described are as follows :— 

(a) Walls district on the west of Shetland Mainland. 

(b) Weisdale and Voe in the centre of Shetland Mainland. 

(c) Island of Foula, 25 miles west of Shetland Mainland. 

(a) Walls.—This district is, perhaps, with the exception of the island of Yell, the 
most extensive peat-covered area in Shetland. 

The general features have been described in a former paper (3). The newer series 
of peat can be well seen owing to the great number of exposures made by the peat- 
cutters on each side of the road between Walls and Sandness. In all cases only the 
younger unstratified peat deposits have been cut, giving excellent exposures of the 
weathered layers of upper boulder clay, but showing nothing of the older deposits with 
the forest bed and two arctic plant beds. Indeed, it is not too much to say that anyone 
examining the Shetland peat from the turbaries alone, without having sections cut in 
the valleys and on the plateaux of the higher hills, would conclude that the deposits 
only average 3 feet in thickness and are quite unstratified throughout. When the 
deeper deposits are cut for fuel, the cuttings are not usually carried down as far as the 
forest bed, so that the most careful examination of the district would not lead anyone 
to suspect the existence of the deep stratified older peat. 

The newer peat resting on weathered boulder clay may be described first. An ex- 
cellent section is exposed on the Sandness road about two miles north of Walls. This 
section is shown in Pl. II. fig. 3, and the stratification is as follows :—Depth of peat, 
5 feet 8 inches. The upper layers consist chiefly of Sphagnum sp., Calluna vulgaris, 
Scirpus cxspitosus, Potentilla tormentilla, whilst towards the base Hriophorum 
vaginatum becomes a characteristic feature. ‘The lowest 2 or 3 inches which rests on 
the weathered boulder clay is structureless, black in colour, and very hard, and has 
the appearance of having been accumulated very slowly, so that the structure of the 
plants has been entirely destroyed. 

This peat rests on a layer 12 inches thick of angular and partly rounded stones, with 
the interspaces filled with clay strongly coloured with peaty debris. In some places the 
clay contains a considerable amount of peat and numerous small fragments of birch bark 


* The nomenclature of Hooxsr’s Student’s British Flora, third edition, is followed throughout, except in certain 
cases where the authority is given after the species. 
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and small pieces of twigs or roots, which are often mere tubes of bark, the wood having 
disappeared. ‘The clay containing peat has been examined, and contains very small 
fragments and flakes of bark, stone cells similar to those found in the cortex of the 
birch, and numerous xylem elements, vessels, tracheids, and medullary ray cells. No 
seeds or plankton have been found. The distinguishing features of this layer are: 
the abundance of angular or subangular stones of moderate size showing traces of atmos- 
pheric action, and the presence of peaty debris amongst the accompanying clay. The 
junction of the peat and the altered boulder clay containing humus is shown in Pl, IL. 
fig. 3. Unaltered boulder clay is encountered immediately below, the transition being 
accomplished in 2 or 3 inches. The characteristics of the boulder clay differ entirely 
from the overlying layer. It is much more consolidated, the stones show no signs of 
weathering and show fresh striated surfaces, and the accompanying clay and sand cling 


so firmly that it is necessary to wash the stones for some time before a clean surface can~*” 


be obtained, whereas the clay and sand easily crumble away from the surface’ of the 
stones in the weathered layer. ‘hese features are repeated in another roadsid€ quarry 
two miles nearer Sandness, in several sections on the road between-Walle’and Tresta, 
on the Reawick road, and in numerous other sections throughout the district. About 
fourteen sections were examined in which 3 to 4 feet of drift underlying the newer peat 
had been exposed, and every one showed the essential features of the section first 
described. One section near Reawick may be described, as, in addition to the features 
given above, a well-developed iron-pan was found in the drift. 

The depth of peat was 3 feet 9 inches, and it rested upon 8-14 inches of weathered 
material containing much peaty debris. This is often im faintly defined bands, and is not 
composed of rootlets from the peat above, but of humus intimately mixed with the sand 
and clay. Below this is an iron-pan about 1 inch in thickness which rests upon the 
unaltered boulder clay, which here is exposed to a depth of 4 feet. A second iron-pan 
is present in some parts of the section 12 inches below the first, but, unlike that, is not 
continuous. At the base of the peat, resting on the weathered drift, are numerous 
flakes of birch bark, and similar material is also found in the humus occurring in the 
weathered drift. 

A section near Eela Water in the granitic region of the north of Shetland Mainland 
showed the same features. This section is illustrated in fig. 1. 

If the phenomena were confined to a few spots, the view might be held that the 
i2 inches of stony material on the top of the unaltered boulder clay represented a 
deposit near the edge of the receding glacier, where sub-glacial streams carried away 
much of the finer material, leaving the heavier stones behind. Its occurrence is, how- 
ever, so general, both on level and steepiy sloping ground, that I think this view is 
untenable. The presence of birch debris not only on the surface but amongst the humus 
in the sand and clay filling the interstices between the stones proves, I think, that a 
considerable period elapsed between the deposition of the glacial drift and the formation 
of the newer peat. The view is taken here that the 12 inches of stony material on the 
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unaltered boulder clay represents an old land-surface on which vegetation flourished 
and died without forming peat, until at some period active peat formation began— 
possibly due to a change of flora or of physical conditions—and resulted in the deposi- 
tion of the 4 feet of peat which covers so much of the undulating moorland away from | 
the hills, and which has been so extensively dug for fuel. 

The changes produced in the flora at the present day due to the total remot of 
large areas of peat are worthy of notice. In most cases the removal is by human 
agency, the peat being cut in the spring, stacked, dried and carted during the 
summer and autumn. In other cases, particularly near the west coast, fully exposed to 
the wind, large areas of drift are being laid bare by natural agencies. : 

The dominant plants on the newer peat series where the vegetation mat has not 


Frc. 1,—Section in a quarry near Eela Water, Northmaven, Shetland, showing unstratified peat resting on drift. 
a, Peat; 6, 3 inches of granitic sand with humus and birch bark ; ¢, coarse granitic sand with clay, 
no humus ; d, iron-pan ; ¢, unaltered boulder clay. 


been broken are Calluna vulgaris forming a close sward, the plants being 3 to 8 inches 
in height, Juncus squarrosus, Potentilla tormentilla, Eriophorum vaginatum, and 
Erica Tetraliz. When the whole of the peat is excavated, the stony layer of drift 
resting on unaltered boulder clay is exposed. The earliest stage in the formation of a 
new vegetation mat is represented by isolated plants of Festuca ovina, var. viwipara, 
Plantago maritima, Galium saxatile, Juncus squarrosus, and a few plants of Nardus 
stricta alternating with large stony areas devoid of vegetation. A later stage is repre- 
sented when patches a few feet in diameter of Juncus squarrosus, Festuca ovina, var. 
vivipara, and Nardus stricta are encountered. Very stunted prostrate plants of 
Calluna and Potentilla tormentilla make their appearance amongst the tufts of Juncus 
squarrosus and Nardus stricta, together with a few plants of Evicw cinerea and a small 
amount of Rhacomitrium lanuginosum. In time these isolated tufts of vegetation — 
coalesce and a thin covering of vegetation is formed. The grasses maintain their 
dominance, and the area which was formerly covered with 3 or 4 feet of peat maintains 
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a thin pasture of Nardus stricta, Festuca ovina, Juncus squarrosus, Galium saxatile, 
with stunted plants of Calluna vulgaris and Hrica cinerea. Peat does not appear to 
form again, although some of the areas have been in this condition for at least more 
than a hundred years. Account must, however, be taken of the fact that the ground 
is thinly stocked with sheep. 

It is obvious to anyone visiting the district that peat is being removed by natural 
agencies, Amongst which wind plays a prominent part; but it is by no means so easy to 
ascertain the exact way in which the process begins. No denudation can take place 
until the close covering of mosses, Calluna, and Ericas is broken. This may be accom- 
plished by wind or heavy rain acting upon some spot in which the vegetation is 
temporarily thin, and so causing a slight depression. Water collects in such a place, 
and, freezing in the winter, disintegrates the surface peat and so renders it easily washed 
away by heavy rain, or when dry in the summer, easily blown away by wind. Once 
such a bare hollow is formed, it is easy to see how the peat is disintegrated and carried 
away by frost, wind, and rain, the result being the formation of a channel ever widening 
and deepening year by year. But the initial stages require investigation, as it is a 
phenomenon met with in most peaty districts in Britain, and which in its ultimate stages 
produces the most striking changes in the flora and appearance of the country. In the 
Walls district the various stages can be seen to perfection. On Sandness Hill, Stane- 
vatsoe Hill, and the Dale of Burn, the older channels are 8 and 10 feet in depth and 
15 feet across, whilst there are all intermediate conditions down to furrows not more 
than 2 inches in depth and a few inches across. Curiously enough, these smaller 
furrows generally point downhill, suggesting that heavy rain plays some part in their 
formation. The newer peat deposits, with a dry surface and a close sward of vegetation, 
are usually very little denuded; but the older series, with a vegetation of Scirpus 
cespitosus, Hriophorum vaginatum, Erica Tetrahix, Rhacomitrium lanuginosum, and 
Drosera rotundifolia, are usually very furrowed. The characteristic appearance of 
some of these areas is shown in Pl. II. fig. 4. One interesting feature in this con- 
nection observed in the district is the fact that denudation appears to be more active 
below a certain elevation. In stormy and windy weather the cloud-belt often lies very 
low in these islands, the hills being covered with cloud down to 500 or 600 feet above 
sea-level. Above this limit, denudation is not going on very rapidly ; at lower eleva- 
tions the denudation channels are deeper and more numerous. But there are many 
exceptions to this rule, such as the case of hillsides in an exceptionally exposed position, 
as, for example, the summit and western slope of Sandness Hill, about 800 feet, within 
half a mile of the west coast, where the peat is being bodily blown away, and where 
large mats of the vegetation are rolled back by the wind during storms. 

Where any considerable portion of the vegetation has died away, the wind plays a 
foremost part in removing the peat, as can be seen by the steeper sides of the furrows, 
which all face to the westward. In the Dale of Burn the peat is much denuded, and 
the floor of the valley, viewed from the westward, appears to be bare peat ; seen from the 
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eastward, it appears to be covered with vegetation, due to the steep, sloping banks of 
bare peat facing west, whilst the slightly inclined slopes facing east are covered with 
vegetation. 

The older peat deposits in this district showing stratification may now be 
described. 

In a former paper (3) I gave details of several deep sections, with the sequence of 
strata and the plant remains which had been found at that time. This sequence was 
briefly as follows :-— 


1, Recent peat formed of Scirpus, Eriophorum, and | 3. Betula alba. 
Calluna. 4. Arctic plants. 
2. Arctic plants. 5. Moraine. 


Sections taken in fresh spots last year amply confirm this sequence, with the addition 
of several fresh features and plant remains. The first section to be described is in the 
valley between Stourborough Hill (567 feet) and Sandness Hill (817 feet), and lies at 
280 feet above O.D. below Rhacomitrium moor, and is shown in PI. I. fig. 1. 
The stratification is :— 


1. Recent peat, consisting of Calluna vulgaris, Erio- 5. Phragmites communis, Menyanthes trifoliata. 
phorum vaginatum, and Scirpus cxespitosus. 6. Salix herbacea. 
2. Potentilla Comarum stems and seeds, with many 7. Equisetum sp. and silt. 
stems of creeping Salix sp. | 8. Layer of stones with Equisetum rhizomes in the - 
3. Sphagnum sps., Eriophorum polystachion. silt between the stones. 
4, Betula glutinosa Fries. 


Material of the silt collected between the stones of layer 8 contained the following 
fossils :— 


Pinus sylvestris, pollen grains. Cocconema lanceolatum, Ehrenb. 

Carex glauca. Epithemia Argus (Ehrenb.) Kutz. 

Navicula viridis, Kutz. Fragments of dicotyledonous stems showing medullary 
N. nobilis, Ehrenb. rays. 


Cosmarium Meneghinii, Breb. 


The occurrence of the pollen grains of Pinus at a depth of 7 or 8 inches below the 
surface of the drift is extremely interesting, and is paralleled by the discovery of pollen 
of pine by LacrrHEIM, as recorded by Horst (4), in a silty layer containing arctic plants 
at Toppeladugord in Scania, and by LacEeruerm (4) of similar structures in Oja Mosse, 
near Ystad, at a depth of at least 1 m. in the glacial clay. It is not suggested here that 
the pollen grains show that pine was ever native in Shetland, least of all at this period ; 
but its presence shows the great distances over which these bodies can be carried by 
wind, as the material must at least have come many hundred miles. The Desmids and _ 
Diatoms are interesting inasmuch as they indicate that there was an abundant fresh-_ 
water flora between the retreat of the ice and the beginning of peat formation. One 
section taken on Stanevatsoe Hill at an elevation of 600 feet above O.D. may be described 
in detail, as material collected from the forest bed there contained a fair number of 
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seeds. The place where this section was taken is shown by PI. II. fig. 4. The surface 
of the peat is much denuded, but the total depth in the section reached 12-14 feet. 


A. Recent peat . ; = 9) keeb 

B. Second arctic bed . : : : : ; 3-6 inches. 

C. Eriophorum-Sphagnum . . ; ; | 1 toot, 

D. Forest zone . : ; . 2 feet. 

EK. Carex peat . : : : . 1 foot. 
Sand. 


A. Although it is impossible to separate this stratum into two zones, yet the upper 
portion differs considerably from the lower. The upper layers are much decomposed, but 
most of the material is formed of Scirpus cxspitosus, Sphagnum sps., and Eriophorum 
vaginatum. The lower layers are made up of Calluna vulgaris, much Potentilla tor- 
mentilla, with a small amount of Eriophorum vaginatum. No sharp separation can be 
distinguished between these two zones, and one appears to merge gradually into the other. 

B. A thin stratum, but readily recognisable in the field by the abundance of Betula 
nana and stems of creeping willow. The plant remains include the following species :— 


Lychnis diurna (?) (scarce). | Scirpus Caricis, Retz. (scarce). 
Potentilla tormentilla (scarce), | Carex flava (1 nutlet). 
Empetrum nigrum (abundant). C. frigida, All. (3 fruits). 
Betula nana (abundant). Carea sp. (1 nutlet). 

Salix herbacea (abundant). | Potamogeton natans (scarce). 
S. reticulata (abundant). Litorella lacustris (2 seeds). 


C. The peat is much compressed, and no other plant remains were recognisable 
except Hriophorum vaginatum and Sphagnum. 
D. The peat is crowded with wood and bark and the epidermis of Gramineze. The 


following plants were noted in this stratum :— 


Ranunculus hederaceus. _ Arctostaphylos Uva-Ur'st (1 seed). 

R. Lingua. | Calamintha officinalis (nutlets). 

R. flammula. Ajuga reptans (nutlets). 

R. acris. Myrica Gale (twigs). 

R. repens. Alnus glutinosa (wood and catkins). 

Viola hirta (seeds). Betula verrucosa, Ehrh. (wood, seeds, and catkin 
Lychnis diurna ? (seeds plentiful). scales). 

Hypericum pulchrum (seeds not abundant). Carex paniculata (very abundant). 

Montia fontana (seeds very abundant). Carex sp. 

Potentilla Fragariastrum (a few achenes). | Osmunda regalis (sporangia). 


Pyrus Aucuparia (wood and twigs). 


From the quantity of Montia fontana, the spot where this section was taken was 
probably crossed by a small stream during the Lower Forest period. 

K. Very hard, dry peat, almost like lignite. The only plant obtained in 1% Ibs. of 
material examined in the laboratory was one Carex nutlet and fungal hyphe. The peat 
rests upon a level floor of fine grey sand 2 inches deep, underlaid by boulder clay. 

Several other sections were taken up to an altitude of 700 feet on Sandness Hill, 


and these all showed the forest bed. In most cases, however, an arctic bed similar to 
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that described in 1907 (3) lay on the surface of the boulder clay below the forest. In 
most cases this lower arctic bed is 18 inches in thickness and is characterised by the 
great abundance of Salix reticulata and S. herbacea in the lower levels, and of Potentalla 
Comarum and Hmpelrum nigrum in the upper layers. In 1907 I described several 
sections from the Dale of Burn, a broad, shallow valley on the north side of Stourborough 
Hill. This peat was again examined during my last visit, and all the features previously 
described were verified. The examination of the material from the first arctic bed in 
1907 enabled me on this visit to recognise three zones which appear with some regularity 
in each section. The most characteristic plants in the lowest zone are Salix herbacea, 
S. reticulata, Betula nana. 

The middle zone is characterised by the great abundance of Empetrum—in most 
cases a considerable amount of the material is formed of the stems, leaves, and fruits of 
this plant. Along with this are :— 


Menyanthes trifoliata. | Ranunculus floribundus. 
Carex atrata. Potentilla Sibbaldi. 
Carex fulva ? | Ranunculus repens. 
Curex sp. | 


The uppermost zone has Potentilla Comarum as the characteristic plant ; occurring 
with this are :— 


Carex paniculata. Selaginella selaginoides (macrospores). 
Rubus Ideus. | Lychnis diurna (2). 


All these three zones of the first arctic bed are usually present in the Dale of Burn, — 
but in other areas the lower zones are frequently wanting, and the layer characterised 
by Potentilla Comarum rests upon the moraine. The comparison of the sections 
described in 1907 with those examined last year brings this out in a very interesting 
way, and shows very clearly that there were several stages in the vegetation before the 
growth of the forest. It also demonstrates that the examination of only one section 
in a peat bog may yield very fragmentary evidence, however careful an analysis may be 
made of the samples in the laboratory, because in many cases the oldest zones are only - 
present in scattered spots, such as hollows in the surface of the boulder clay, and these, 
of course, are not apparent until the sections are cut. 

The lower two zones are chiefly composed of plants which have an arctic or alpine 
distribution, whilst the uppermost zone contains plants of wide distribution representing 
merely a peat-bog vegetation in which arctics only occasionally make their appearance. — 

Material from the peat below the forest stratum at the foot of Stourborough Hill at 
220 feet yielded :— 


Potentilla Comarum. C. distans var. fulva, Good (2) 
P. Salisburgensis. Oxsp. 

Potentilla Sibbaldi. C. sp. 

Lychnis diurna. Selayinella selaginoides. 


Carex echinata. | 
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The layer containing these plants rested directly upon drift, and the lower true 
arctic zones of the pre-forestian peat were wanting. 

(b) Wersdale and Voe.—The general features of a part of this district have been 
described in a former paper (3). From Weisdale Voe a long ridge runs northward for 
9 miles to Voe, for the greater distance at an elevation of 700-800 feet. Peat 
covers the summits and flanks of the hills and the floor of the valleys on each side of the 
ridge, ranging from 4 to 15 feet in depth. Above the 600-feet contour line the ground 
is chiefly covered with Eriophorum, Sphagnum, and Empetrum. Almost the only 
plants found here are:—Hriophorum vaginatum, E. polystachion, Sphagnum sps., 
Scirpus cxespitosus, Empetrum ngrum, Rhaconitrium lanuginosum, Calluna vulgaris 
(stunted and scanty), Vacciniwm Myrtillus; and the general aspect of these moors 
resembles the Hriophorum and Sphagnum areas on the Pennine Chain in Yorkshire and 
Westmorland (5), except that Rhacomitrium does not form any characteristic feature 
in the vegetation in the English district. Below 600 feet the slopes are covered with 
Callana moor and occasional patches of Hriophorum polystachion and Rhacomitrium 
lanuginosum. Above 600 feet peat formation is still going on, although near the 
summits wind plays a great part in denudation. Below this level denudation is going 
on more rapidly, although not nearly so fast as in the Walls district. 

The summit vegetation above 600 feet is similar to that at about the same level in 
Foula, and its distinctly more hygrophilous character may be due to the cloud-belt 
which frequently and for long periods lies about 600 or 700 feet above sea-level. 
Sandness Hill in Walls district rises to 817 feet, and here the same type is met with, 
although it is not developed to the same extent as in Foula and Weisdale. 

As at high elevations farther west, wind appears to be the dominant factor in 
causing denudation near the summits of the hills. On the summit of Weisdale Hill the 
original covering of peat has been carried away by the wind, leaving the rock exposed, 
except in one place, where a cap about 5 or 6 feet in thickness with steep bare sides still 
remains. The same features are repeated on the summit of Scalla Field (921 feet), 
Gruti Field, Marrofield, Fielnadringa and Sneugie, all about the same altitude. 

It is very difficult to see how the thick, continuous cap of peat which once covered 
these very exposed summits could have been formed if the meteorological conditions 
were similar to the present. 

In some of the valleys, large peat areas are being denuded owing to totally different 
causes. Between the East Hill of Burrafirth and Bratta Field there is a long narrow 
valley in which rises the Burn of Voxter flowing north, and a tributary of the Burn of 
Marrofieldwater flowing south. The watershed is a slight plateau less than half a mile 
across, and only rises a few feet above the rest of the valley. The southern part of 
the plateau is curiously channelled and hummocked, so that it is a conspicuous object 
some miles away. This is caused by the expansion of the southward-flowing stream on 
the flat watershed. A flat expanse of deep peat has been overflowed by the burn, the 
vegetation lying in slight hollows has been killed, leaving a flat expanse of bare peat 
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covered with a few inches of water, and a series of lagoons with the higher tufts of 
vegetation persisting, forming peat and so increasing the height of the hummocks. The 
life of the hummocks, however, is limited, as the water, wind, and frost undermine the 
banks, killing the vegetation on the summit and then reducing the hummock to the 
level of the lagoons. All stages in the growth and decay of the hummocks are re- 
presented, from those still in vigorous growth, representing the level of the moorland 
before inundation, to those which are mere clumps of bare peat just rising above the 
water. The chief plants on the summits of the still growing hummocks are Hmpetrum 
nigrum, Hriophorum polystachion, EL. vaginatum, Rhacomitrium lanuginosum, Calluna 
vulgaris, and Hrica Tetraliw. It is only a question of time when all the hummocks 
will have been destroyed and a perfectly flat expanse of bare peat formed, more than 
a quarter of a mile across. Eventually the stream will cut a channel out of the looser 
peat, and, as this deepens, the flat expanse of peat will become drier and invasion by 
vegetation will take place. ‘his apparently has been the history of the flat expanses 
of peat occasionally met with in the Walls area, which are covered with Carex sps., 
Scirpus cespitosus, and a few stunted plants of Calluna vulgaris, Erica Tetralix, and 
Eriophorum vaginatum, although this origin for these areas was not suspected until 
the earlier stages were seen in Weisdale. 

The lower forest of birch is found all over this area to within 100 feet of the 
summits of the hills. None of the older strata are present above this altitude, the 
whole of the peat consisting of the remains of Eriophorum, Scirpus cexspitosus, 
Sphagnum, and Rhacomitrium, evidently belonging to the latest stage of peat 
formation. This agrees with the features observed from other parts of Shetland, viz. 
that the older stratified deposits with the two arctic beds and forest bed were deposited 
over areas which from their topographical features were suitable for peat formation, and 
that, at some period after the second arctic bed, conditions peculiarly favourable for peat 
formation occurred, which resulted in a cap of unstratified peat over both the older 
strata and nearly every part of the previously uncovered regions of Shetland. In the 
forest bed the trunks of birch usually lie about N. 20° to 40° W. 

Both the first and second arctic beds containing Salix herbacea and Betula nana, with 
the forest bed between them, are well developed along Marrofieldwater Burn, but in some 
places along Atlascord Burn the Lower Forest is underlaid by extremely hard, dry peat, 
so hard that it has to be chopped out with a sharp spade. I have not been able to find 
any determinable plant remains in this layer, but the impressions of long linear leaves 
apparently belonging to a Monocotyledon are not infrequent. The layer is 2 feet 4 inches 
thick and rests upon sandstone. The Salia herbacea now growing in small patches on 
the summits must be regarded as a relic plant dating from the time of the arctic beds. 
During the first and second arctic stages it occurred generally down to sea-level, but 
judging from its invariable absence in the forest bed, it must then have been restricted 
to small areas on the summits. Considering the small differences in elevation in this 
part of Shetland (only amounting to 850 feet), the survival of this plant through all 
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the stages since the earliest immigration of the arctic flora tends to show that the 
survival of the arctic elements in the flora is due perhaps more to the absence of com- 
petition on the summits than to a lower temperature in such spots. The evidence for 
climatic change rests more upon the absence of all temperate plants during the arctic 
stages than the absence of arctic-alpine plants during the forest period. 

(c) Lhe Island of Foula.-This is a small island 3 miles long and 21 broad about 25 
miles due west of Shetland Mainland. The sea between the island and the Mainland is 
deep, varying from 50 to 100 fathoms. Owing to bad weather, only four days could 
be spent on the island last season, as communication is only possible in moderate 
weather ; and this time proved too short to make as complete an investigation as the 
‘interesting character of the peat deserved, but the results are so important that 
they are given here. 

The island, despite its small size, is hilly, the ground rising to 1126 feet on Hamna- 
feld, 1373 feet on the Sneug, and 1220 feet on the Kame. The east coast is bounded 
by cliffs 50 to 100 feet in height, and the land does not rise above this level until the 
centre of the island, where it rises abruptly to a general level of 1200 feet. ‘The west 
coast is formed by a magnificent range of perpendicular cliffs facing the Atlantic, varying 
from 700 feet at the Noup to 1220 feet at the Kame. The highest hills appear to be free 
from glacial drift, but the lower ground is covered with boulder clay overlaid in some 
places by a considerable thickness (up to 7 feet) of sand and clay (without stones), 
which appears to be of fresh-water origin. Peat covers all the lower part of the island 
except where it has been cleared for fuel, and also occurs up to 1200 feet on Brustins 
and Tounafeld. ‘lime did not permit of sections being made at the highest altitudinal 
limit of the peat, but sections were taken in the neighbourhood of Flick Lochs (600 feet), 
Bark Hill (700 feet), and on the lower ground on the east of the island. 

The vegetation is of a more hygrophilous type than on the mainland, Hriophorum, 
Scirpus, and Sphagnum covering most of the peat areas. Sphagnum occurs plentifully 
even on the steepest hillsides, such as Hamnafeld, where a rise of 900 feet takes place 
in 1960 feet, or a slope of about 1 in 2. Only a few inches of peat is formed, but the 
whole hillside is covered with patches and strips of Sphagnum. ‘The narrow plateau on 
the west of the island running out to the cliffs is chiefly occupied by pasture, Nardus 
stricta, Molinia cerulea, Festuca ovina, Poa alpina var. vivipara being the chief 
grasses. A few plants of Lychnis diwrna were noticed, curiously dwarfed ; for although 
in flower they were not more than 2 inches in height. Armeria vulgaris forms a very 
characteristic feature in the vegetation, especially on the west side, growing in mats 
some yards in diameter, and in some places forming 2—3 feet of peat. Several alpine 
plants occur on the higher hills above 1000 feet, Salix herbacea being plentiful, with 
Loiseleuria procumbens, Polygonum viiparum, Arctostaphylosalpina. The popu- 
lation of the island is about 198, and is gathered entirely on the eastern side, the 
chief collection of crofts being Hametoun in the Daal, on the south-east of the island. 
In this district the peat has been much cut for fuel, as coal is quite unknown, and large 
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areas have been entirely cleared. I was assured by one of the oldest inhabitants, who 
is a native of the island, that one large area about half a mile across was cleared more than 
150 years ago. No peat is to be found here now; the rock is exposed over large areas, 
with patches of thin vegetation consisting of Calluna vulgaris, Nardus stricta, Juncus 
squarrosus, Festuca ovina var. vivipara, Empetrum nigrum, Potentilla tormentilla, 
with Viola palustris, Hydrocotyle ewropeus, and a small quantity of Sphagnum in 
damper places. 

The most striking feature of the peat deposits is the fact that the remains of birch 
trees occur in nearly all places where the peat is more than 8 feet in depth. The 
general stratification is the same as that described from Shetland Mainland, with some 
additional features. A section near Flick Lochs will illustrate the complete series :— 

1. Recent peat :—Sphagnum sps., Eriophorum vaginatum, Calluna vulgaris. 

. Juniperus communis :—A very distinct layer found in all the sections at Flick Lochs and Overfandel 

Lochs. 

. Eriophorum vaginatum forming peat. 


3 
4, Betula glutinosa, Fries. :—'The remains of small bushes. 

5. Scirpus cespitosus?:—Peat much decomposed, with a few nutlets of Carex sp. 
6 

7 


bo 


. Empetrum nigrum :—Potentilla tormentilla, Enypetrum seeds, Calluna, Sphagnum sps. 
. Betula verrucosa :—Pieces of fairly well-grown trunks up to 11 inches in diameter, Pyrus Aucuparia. 

8. Salix sp.:—Small creeping willow with bark and buds resembling Salix herbacea, but no leaves 

found. 

9. Structureless peat. 

10. Fine sand and gravel. 

Stratum 7 here occupies the same horizon and bears the same relation to the other 
strata as it does on Shetland Mainland. The juniper in stratum 2 is a new feature in 
the Shetland peat, and occupies the same position as the Upper Forest of Pinus 
sylvestris in the south of Scotland. It is very curious that no trace of woodland con- 
ditions has been met with on the Mainland subsequent to the Lower Forest. The 
much greater height of the hills here may have a bearing upon the point, the highest 
hills round which sections have been taken on the Mainland being only 800 feet. On 
the other hand, Foula is more wind-swept and more unfavourable for tree growth than 
the Mainland. The only hill in Shetland approaching Foula in height is Ronas Hill 
(1475 feet), and it would be interesting to see if strata 2 and 4 make their appearance 
in the peat there ; but so far as I have been able to find, peat is thin and scarce in the 
area immediately at the base of that hill. Without attempting to draw any definite 
conclusions from a few sections in a small area, it may yet be pointed out that the 
position of juniper in stratum 2 and birch in stratum 4 exactly corresponds to the two 
layers of the Upper Forest met with in the Scottish Highlands (2), separated by 
Sphagnum, Eriophorum, and Scirpus peat. Like the rest of Shetland, Foula is tree- 
less, and even planted trees are absent. About ten or fifteen years ago a small piece of 
land a few yards square was planted, and the bushes protected by a stone wall 43 feet 
high. The chief species are :— Betula alba, Sambucus nigra, Pyrus Aucuparia, Acer 
campestre, Alnus ylutinosa, Salix sp., probably alba. Although most of these are 
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still living, growth has been very slow, and none of them reach above the level of the 
sheltering wall. None are vigorous; they bear many dead branches, and even the best 
have but few leaves. Many of them show nanism; the main stem having bent down- 
wards gives rise to small distorted branches nearly bare of leaves. It may be mentioned 
that this spot is situated 80 feet above sea-level in one of the most sheltered places in 
the island. It is absolutely impossible that the well-grown trunks of birch found in 
exposed places at 700 feet could have grown there under meteorological conditions 
similar to those obtaining there at present. 

The sections described from Shetland Mainland and Foula show the general 
sequence to be found in those areas, and the strata may be briefly reviewed from a 
phytogeographical point of view. 

The First Arctic Stratum in Shetland.—Though this layer represents the earliest 
peat found in Shetland, it does not follow that its growth took place immediately after 
the retreat of the glaciers which deposited the boulder clay. The newer deposits of 
peat on the Mainland were clearly deposited a considerable time after the deeper and 
older peat strata began their growth, and they contain no arctic plants at the base; but 


the vegetation which existed over those areas between the deposition of the boulder 


clay and the first formation of peat has left no trace, except exceedingly small frag- 
ments of birch bark. In the same way, the period immediately following the deposi- 
tion of the boulder clay may not have been favourable for peat growth, and so there 
may possibly be a hiatus between the boulder clay and the arctic plant bed. But there 
is no direct evidence that this is the case; the boulder clay lying under the arctic bed 
appears to show signs of weathering, but this point was not easy to determine with 
certainty, owing to the depth of peat which had to be excavated, and the dittculty of 
keeping water out after the glacial deposits were entered. The find of Pinus sylvestris 
pollen grains below the surface of the boulder clay, although interesting in itself, is not 
sufficient evidence that pine occurred in Shetland during that time, owing to the 
distances that pollen may be carried by wind. The occasional presence of aquatic 
plants below the first arctic bed is an interesting feature, but is hardly sufficient 
evidence to bridge over a hypothetical gap between the time of the boulder clay and 
the arctic plants above. Moreover, the leaves of Salix reticulata are occasionally 
found amongst the aquatic plants, suggesting that they were laid down in shallow 
pools round which grew the willow and other arctic plants. I described this feature 
in a former paper (3), and my last visit to Shetland did not result in any evidence 
which would tend to show that the Potamogeton, Menyanthes, Ranunculus, and 
Equisetum which sometimes underlie the lowest arctic plants, belong to a separate 
period. The presence of Diatoms and Desmids in the boulder clay, however, proves 
that a fairly rich fresh-water flora existed m pools on the boulder clay before the 
arctic vegetation began to be preserved in the form of peat. 

After the growth of peat began by the accumulation of the remains of willow, etc., © 
we have a fairly continuous record of the succession to the present day. ‘The two 
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willows which so frequently occur in the peat are not at present found within 200 feet 
above sea-level in the latitude of Shetland. Sala herbacea still occurs in the 
islands—in small isolated patches on the Weisdale hills at an elevation of about 800 
feet, and in Foula on the Sneug and Brustins, at 1000 feet. This is the lowest altitude 
recorded for this plant in Britain. In Ireland it is found at 870 feet in Donegal (6). 
In Scotland it only occurs on summits which rise about 2000 feet. 

The Lower Forest Stratum im Shetland.—The vegetation of this stratum repre- 
sents a complete change from that of the first arctic bed, and presents one of the most 
striking features of the Shetland peat. Large trees of Betula verrucosa EKhrh., Alnus 
glutinosa, Pyrus Aucuparia are found even in the most exposed situations, where it is 
impossible to grow trees at the present day even with careful artificial shelter. The 
remains of this forest are found on the exposed sides of Sandness Hill up to 700 feet ; 
Dale Hill, Blouk Field, and Watsness, quite near the cliffs of the west coast ; to near the 
summits of the hills in the centre of the Mainland, and even in the island of Foula, 
These trees do not represent copses growing in sheltered valleys away from the coast, 
but appear in every district hitherto visited, and are just as well developed in the most 
exposed situations as in the valleys. The unsuccessful efforts to grow smal] copses in 
sheltered positions, aided by the most effective artificial protection, is suthcient to show 
the present unsuitability of the Shetland climate for tree growth; and the fact that the 
buried forest occurs on high ground within a few hundred yards of the west coast, where 
the vegetation growing on peat is frequently rolled back like a carpet by the force of 
winter gales, is sufficient to show that the meteorological conditions during the Lower 
Forest period were not the same as those of the present day. 

Some discussion has arisen lately on the position of tree remains in peat. GUNNAR 
ANDERSSON (7) in a recent paper brings forward some evidence to show that such re- 
mains in Scandinavia are not always confined to one level, but may occur scattered 
throughout the thickness of the peat. Special attention was paid to this point whilst 
the buried forest in Shetland was being examined, and the result is given on pages 816—_ 
817 of this paper. It may be said here that all the timber was confined to a definite 
layer 2 feet thick near the base of the peat. . 

Although a considerable amount of the material has been looked through in the 
field and 7 lbs. of the peat has been analysed in the laboratory, no arctic plants have 
been found. The list given on page 801 represents the plants found up to the present, 
and they are quite representative of a marshy wood with occasional drier spots. Carex 
paniculata is present in great abundance, although it is not now found in Shetland. 

The most important features are given below :— 

1. Some of the plants had a more northerly distribution than at the present time. 

2. There are no arctic or alpine plants. 

3. The plants are all such as might commonly occur in a swampy deciduous wood 
in the lowlands of any part of Southern Great Britain at the present time. 

4. The size and position of the trees suggest that Shetland must have been under 
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entirely different meteorological conditions from those occurring at present, 7.e. the 
frequent very strong gales which now pass across these islands must then have been 
absent. It is also possible that considerable elevation of the land-surface took place in 
early post-glacial times. This view is discussed on p. 821. 

The Second Arctic Stratum in Shetland.—This stratum is nearly always present 
above the Lower Forest. In some places in W. Shetland, however, it cannot be dis- 
tinguished from the Lower Peat Bog and the overlying peat, the stratum in those cases 
being formed of peat bog plants such as Potentilla Comarum, P. tormentilla, and 
Menyanthes trifoliata. Where the stratum is well developed Salix herbacea and 
Betula nana are present in some abundance. 

There is no doubt that at this time Betula verrucosa, Ehrh., had entirely disappeared 
from all the peat areas in Shetland. The question arises as to how far the arctic plants 
generally found here indicate a distinct lowering of the temperature. My own view 
is that this bed does indicate such a change ; but the possibility that these plants, which 
must have formed small colonies on the hill summits during the Lower Forest stage, 
may have reinvaded the peat areas without a distinct lowering of the temperature, 
must be borne in mind. How far they would be able to recolonise peat occupied by a 
close sward of vegetation is doubtful, but there is no evidence on this point. In view, 
however, of the general distribution of this stratum in Scotland, the evidence, I think, 
points to the intercalation of a distinct period of sub-arctic conditions at this time. 
Certainly none of the temperate plants of the forest bed occur at this level. 


2. PooLEwr, Ross-sHIRE. 


(One-inch Ordnance Survey, sheet 91).—The areas examined lie west and north-west 
of the village of Poolewe, on a broad peninsula running 7 miles from the village to the 
north-west. The centre of the peninsula lies at an average altitude of over 900 feet, and 
is almost entirely covered with peat. The surface of the ground is very hummocked, 
with the peat lying in basins, sometimes only a few hundred yards across, surrounded 
by rock ridges and hummocks which may rise 20-100 feet above the level of the peat. 
The usual depth of the peat is 6 feet, except in one or two spots, which from the char- 
acter of the deposits, occupy the sites of silted-up lochs. 

The peat contains no strata with alpine or arctic plants, and began its growth during 
the Upper Peat Bog stage immediately preceding the Upper Forestian (3). Sections 
taken near Loch Tollie at an altitude of 400 feet showed the following layers :— 


A. Scirpus-Sphagnum ; : 3 feet. 
B. Pinus sylvestris : 24, 
C. Equisetum : ’ 6 inches. 


Boulders and sand. 


A. Most of this layer is formed of Scirpus cespitosus, Sphagnum sp., Hriophorum 


vaginatum, Erica Tetralix, with a few seeds of Drosera sp. and Narthecivwm ossifragum, 
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and exactly resembles the recent peat overlying the Upper Forest in the Highland 
districts. 

B. Large stools and trunks of Pinus sylvestris, with cones and a few fragments of 
Betula alba wood. 

C. Peat consisting of Hquisetwm sp. rhizomes, Curex sp., Sphagnum sps., with seeds 
of Potamogeton natans. 

In two sections taken less than a mile distant on the west side of Loch Tollie the 
peat was only 33 feet deep, and the pine stools were rooted in the sandy clay. The 
few inches of peat lying under the pine stools and resting on sand and clay contained 
numerous pollen grains of pine and moss spores. 

A very fine series of terminal moraines occur at 650 feet on Cnoc Breac, which rises 
to 962 feet in the centre of the peninsula. The peat extends to the summit of this 
hill, and although little has formed on the moraines, peat is present to a depth of 5 feet 
at their base. Sections were taken both above and below these moraines, but no differ- 
ence in the stratification of the peat was observed, and it is evident that all the deposits 
were formed later than the formation of the moraines. The actual strata observed were 
the same as those already described from near Loch Tollie, although the total depth of 
peat sometimes reached 8 feet. 

One section taken on the hillside about 100 yards above the moraines may be given 
as typical of the rest :— 


A. Scirpus peat. ; A feet. 
B. Pinus sylvestris : , : ; aie 
C. Structureless peat . : : ; 1 foot 3 inches. 


B. A considerable quantity of Betula glutinosa, Fries.—wood and catkin scales— 
occurred between the stools of Pinus sylvestris. 

C. A few seeds of Potentilla tormentilla and Nartheciwm ossifragum. 

The village of Poolewe stands upon a raised beach at an altitude of 50 feet above 
O.D. This beach extends for about 2 mile to the south-east of the village, and for 
some distance at the base of Cliff Hill is covered with peat. Sections were taken 
for comparison with the deposits described from altitudes above 200 feet. 

The depth of the peat on this level shelf averages 54 feet. It is characterised by 
a well-marked stratum of Pinus sylvestris 2-8 feet below the surface, but owing to the 


proximity of the moss to Poolewe there is reason to suppose that much of the surface 


has at various times been removed for fuel. Underlying the stratum of pine is Scirpus 
cespitosus and Carex sp. peat to a depth of 2 feet. ‘This rests upon the old beach, and 
the character of the peat shows no change at the base. The stratification of this raised- 
beach peat is then precisely the same as the peat lying above 200 feet, and the character 
of the peat immediately resting on the sand and stones suggests that the formation — 
of the peat did not commence until some time after elevation had taken place. 
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3. East SUTHERLANDSHIRE-—RHILOCHAN. 


(One-inch Ordnance Survey, sheet 103.)—The peat described here lies five miles 
north of Rogart Station. On the one-inch Geological Survey map it is shown as four 
or five distinct areas of peat separated from one another by one or two miles. These 
areas coalesce to some extent, so that the area of peat-covered ground covers three or 
four miles by five miles. 

Unlike most of the Western Highlands, Scirpus cexspitosus moor is not a con- 
spicuous feature here, and is mostly confined to the crowns of small elevated areas in 
the general peat covering. Calluna moor is now dominant, with Myrica Gale. 

Most of the moorland is flat or gently undulating, and the level nowhere rises above 
650 feet or falls below 400 feet. 

The general depth of the peat is 17 feet, although over much of the area 5 feet of 
peat has been removed for fuel by the inhabitants of the several crofting villages in the 
neighbourhood. Owing to the amount of peat thus removed, the Upper Forest of, pine 
is exposed over a considerable area. 

The general stratification is the same as that recorded from the Merrick Hills (8) in 
the south of Scotland. This is illustrated by the following section, typical of many 
that were taken north-west of Rhilochan :— 


A. Scirpus cxspitosus peat. ; 1 foot. 
B. Pinus sylvestris "Ae : ; 3% feet. 
C. Phragmites communis, Sei “Dus Sitges Hypnum sps. . By 4, 
D. Salix herbacea . : ; 6 inches 
K. Ervophorum vaginatum, einige aislecirae ; 1 foot. 
F. Betula glutinosa, Fries., Alnus glutinosa, Corylus HORTON 24 feet. 
G. Granitic sand. 

H. Boulder clay. 


A. Much of the peat later than the Upper Forest has been removed for fuel, leaving 
a thickness in this spot of about 1 foot. On the untouched parts of the moor 5 feet 
of peat lie above the pine zone. This layer is composed of Scirpus cxspitosus, Calluna 
vulgaris, and Hriophorum vaginatum. 

B. Large stools of Pinus sylvestris. Small Betula glutinosa, Fries. Calluna 
vulgaris. 

Numerous cones lie under the stools of pine, suggesting that the forest existed for 
some time previous to the growth of the trees whose stools are now found in the peat. 

C. The whole of this layer is formed of Scirpus cwspitosus, with many rhizomes of 
Phragmites. Hypnum sps. are alsocommon. The peat is very fibrous and compressed. 

D. A thin band strikingly different from the zone above, being formed of Hmpetrum 
nigrum stems, and numerous leaves of Salix herbacea. 
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E. Very compressed fibrous peat formed of Hriophorum vagimatum and Calluna 
vulgaris. . 
F. Betula glutinosa, Fries.—Trunks, roots, seeds, and catkin scales. 
Corylus avellana.—Nuts very abundant. 
Alnus glutinosa. 
The upper layers contain :— 


Potamogeton natans. Carex hirta. 
Potentilla Comarum (2 seeds). Menyanthes trifoliata (1 seed). 


The lower layers contain :— 


Salvia Verbenaca. C. teretiuscula (2 nutlets). 


Rubus Ideus. | Carex paniculata. 
Ranunculus sp. Potentilla tormentilla. 


G. Granitic sand, small pieces of dicotyledonous wood and rhizomes of Equisetum. 

H. Closely packed granitic boulders with sand. 

This section is of very great interest inasmuch as it so fully bears out the succession 
of vegetation in the south of Scotland (8) and in Shetland. Here the evidence is 
perfectly clear, for the Lower Forest, with trees and temperate plants, does not contain 
any typical alpine-arctic plants, whilst a thin bed with remains of Salzx reticulata and 
Empetrum mgrum lies above it. 

The peat is of greater thickness than the Merrick-Kells mosses in the south of 
Scotland, but approximates in thickness to the older series of Shetland peat. In some | 
other sections in the same bog the Lower Forest rests upon coarse granitic sand con- 
taining numerous Equisetum rhizomes. This is underlaid with fine sand and stiff grey 
clay and occasional large granite boulders to a depth of 2 feet. Below this the material 
becomes very closely packed and stony, being very difficult to excavate, and appears to 
pass into typical boulder clay. The stratification of the overlying peat remains the same. 

Sections were taken in another bog farther east, near Hast Langwell. This bog is 
about a mile in length by a quarter of a mile in breadth. It is covered at present with 
Calluna vulgaris, Eriophorum vaginatum, Erica Tetralix, and Sphagnum sps. The 
stratification is as follows :— 


A. Upper Forest. ; : ; 3 feet. 

- B. Eriophorum and Calluna pea : : : ; Se 
C. Phragmites peat. ; é ; 1 foot. 
D. Betulanana . ; : ; : : 4 inches. 
KE. Calluna and Scirpus peat . ; ; : Se 
F. Lower Forest. : , : ; : 4—5 feet. 


A. At the spot where the section was taken the surface had been removed for fuel, 
so that the stools of the Upper Forest were exposed. In other places near by, 4 feet 
of peat occurred above the stools. Numerous trunks as well as stools of Pinus — 
sylvestvis axe present, the lie of the trunks in most cases being E. and W., others 
W. 5° N., whilst one was observed to lie W. 65° N. 


= 


OC Te OG 6 PE Le ee 


ON THE PLANT REMAINS OF THE SCOTTISH PEAT MOSSES. 813 


B. Much-compressed peat, very fibrous in character, and mostly composed of 
Eriophorum vaginatum, Calluna vulgaris, with achenes of Potentilla tormentilla. 


C. Fibrous, loosely packed peat largely made up of the rhizomes and leaves of 
Phragmites communis. 


D. Salix herbacea stems and leaves. 
Betula nana stems and leaves. 
Rhizomes of Phragmites communis from stratum C. 

K. Much-compressed hard peat formed from Calluna vulgaris and Scirpus cespitosus. 

F. Closely consolidated peat formed of trunks, roots, and twigs of Betula glutiosa, 
Fries., Corylus Avellana, Alnus glutinosa. 

In both the sections just described, the Lower Forest rests directly upon granitic 
sand, and any trace of the vegetation existing immediately after the deposition of the 
glacial deposits is not to be expected, owing to the coarse character of the sand and the 
fact that it is penetrated by many springs. But the sequence from the Lower Forest 
to the Upper Forest is extremely clear, and shows that arctic plants are intercalated 
between the two forest beds. This feature had already been described from the south 
of Scotland in 1904, and from Shetland in 1906. Hight deep sections taken in various 
parts of the mosses all showed this feature. In several other sections much water was 
present, which, combined with the great depth of the peat, made it extremely difheult 
to ascertain the position and extent of the thinner strata; but even in these cases, the 
Upper Forest and Lower Forest were found, the latter stratum being crowded with 
wood and hazel nuts. In some cases the wood is sound, but in several sections little 
remains but bark, which is present in great quantity. 


4. Peat on RatseD BracHEes at ARDGOUR AND Banavisz, Ross-sHIRE AND 
ARGYLLSHIRE. 


(One-inch Ordnance Survey, sheets 53, 62.) — Ardgowr.— Here two distinct 
beaches occur on the west shore of Loch Linnhe at altitudes of 25 feet and 50 feet 
respectively. Although the two beaches do not run far, they are marked off very clearly 
from one another. Hach forms a level shelf, the 25-feet level being rather more than 
a quarter of a mile in width, whilst the 50-feet level varies from three-quarters of a mile 
to less than a quarter of a mile in width. Both terraces are covered with peat. 

The 50-feet Level.—The peat is 63 feet in depth, and, owing to its proximity to the 
crofting village of Clovulin, has long been dug for fuel, so that in the part nearest the 
village excellent sections are exposed. 

The upper layers of peat show no continuous stratification, and the chief interest 
centres round the basal layers, which rest upon the rounded stones and coarse sand of 
the old beach. The basal 6 inches of peat are black and very compressed, and the only 
fruits and seeds found in this layer are :—Potentilla tormentilla, Narthecvum ossi 
fragum, Carex arenaria, and Carex sp. 
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Fragments of bireh bark lying in the lowest inch of peat are not uncommon, and in: 
two sections near the inner margin of the shelf, trunks and roots of oak were found, 
penetrating the sand of the old beach. ‘This seems to point to a forest having existed 
here; if that be so, the trees must have lived and died some time between the 
emergence of the beach and the beginning of the formation of the 64 feet of peat. 
Phragmites is occasionally met with about 6 inches above the base of the peat. The 
evidence, although fragmentary, points to the fact that some time elapsed between the 
emergence of the beach and the growth of the peat, which is formed of Hriophorum 
vaginatum, Hrica Tetralix, Sphagnum sps., Calluna vulgaris, and Scirpus cespitosus. 
Although no definite stratification can be observed, Calluna is certainly much more 
abundant in the uppermost 2 feet than in the lower layers. ‘he evidence, then, tends 


/ 


to show that tree growth went on after the emergence of the beach, and before the 
growth of the peat; after that, the vegetation shows moorland conditions, the peat 
being of the same character as that found above the Upper Forest at higher altitudes. 

The 25-feet Level.—This forms a narrow tongue about a quarter of a mile in width 
running south from the 50-feet level to Salachan Point. 

The peat is of a uniform thickness of slightly less than 3 feet, and consists through- 
out of Scirpus cespitosus, Calluna vulgaris, Erica Tetralix, Eriophorum vaginatum, 
and Sphagnum sps. The basal layers are the same as the upper layers, and lack the 
much-compressed character of the basal peat on the older beach. Below the 25-feet 
contour line the peat thins out to 2 or 3 inches in thickness. 

These two raised beaches are of interest, inasmuch as the peat on the 25-feet level 
is clearly younger than that on the 50-feet ; it is less than half the thickness, lacks the 
much-compressed character of the older peat, and does not contain the remains of 
rooted oak and birch, which in places are found on the higher shelf. 

No trace of arctic plants occurs in either the 25-feet or 50-feet peat, and the evidence 
tends to show that the 50-feet beach was exposed for some considerable time before 
peat began to be formed. | 

Corpach Moss, near Banavie, Ross-shire (one-inch Ordnance Survey, sheet 62).— 
This is a moss about a square mile in extent situated at the mouth of the River Lochy. 
The level of the moss lies at 25-80 feet above O.D., and the peat is of a uniform thick- 
ness of 435 feet. 

The peat has been much cut for fuel, and the numerous channels have had the effect 
of drying the surface of the moss and changing it from Scirpus cespitosus and 
Eriophorum vaginatum and E. polystachion moor—the remains of which are found a 
foot below the surface—to almost pure Calluna. 

Like the 25-feet beach at Ardgour, no continuous stratification is visible, the peat 
indicating uniform moorland conditions during its growth. The moss rests upon sand, 
which is underlaid by shingle, and the relative thickness and position of these deposits ¥ 
is shown in fig, 2. . 

The branches of birch and oak found in the sand must have been drifted there a 
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considerable time before the peat began to form, and may even have been embedded in 
the sand before the beach was raised above sea-level. The bark has been stripped off, 
and from the water-worn appearance of the wood it must have drifted for some time 
before it became embedded in the sand. Although careful search was made, no roots 
were found in the sand underlying the peat. This wood, then, is clearly drift, and 
did not grow w situ as the oak and birch did on the 50-feet beach at Ardgour. 

The relative thickness of the peat and other details, and the nature of the under- 
lying deposits on the 25-feet beaches at Ardgour and Corpach, and the 50-feet beach 


at Ardgour, are shown in fig. 2.* 
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Fic, 2.—Peat resting on the 25-feet and 50-feet Raised Beaches at Banavie and Ardgour. 


a, 6% feet of peat formed of Eriophorum, Sphagnum, Calluna, Scirpus ceespitosus (not stratified) ; b, 3-43 feet of peat 
formed of moorland plants similar to a. 


STRATIGRAPHY OF Pear AND Forest Beps. 


In the course of this paper frequent reference has been made to the First and 
Second Arctic Strata and the Lower and the Upper Forest Strata. ‘This nomenclature 
implies that these are true datum lines which run continuously at one level through 
the peat. That this is so can readily be ascertained by anyone who undertakes the 


tedious work of examining a sufficiently large number of sections in the field over 


areas situated in every part of Scotland. It seems, however, to be desirable to bring 


forward some definite measurements taken from sections in the field which will convince 
anyone, who has not had an opportunity of extensive field work, of the continuity of 


* Since writing the above, a paper on “Some Neolithic Moss Remains from Fort William,” by H. N. Drxon (9), has 
come to hand, in which the author describes thirty-six species of mosses from sandy peat under the 25-feet raised beach 
at Fort William, collected by Messrs Maure and Wricur of the Geological Survey. Whilst some of the mosses are 
paludal species, many of them indicate a well-wooded country with climatic conditions very similar to those now 
obtaining. The plant bed contains tree trunks up to 1 foot in diameter, and the total absence of plants indicating 


colder conditions than the present agrees with my observations. 
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these strata. This is the more desirable as GuNNnaR ANDERSSON has lately (1909) 
published a paper entitled ‘‘The Climate of Sweden in the Late-Quaternary Period— 
Facts and Theories” (7), in which he brings forward some evidence to show that the 
remains of trees are not confined to one level, but occur scattered throughout the peat. 
The only definite evidence which he brings forward is from two peat-filled basins in 
Scandinavia of which measurements were made by Hotmsor (10) in 1900. From this 
rather scanty evidence, ANDERSSON abandons the conception of the forest beds as 
definite strata or horizons, and attempts to show that the numerous cases in which he 
admits well-marked stratification occurs are due to accidental causes, and that only 
those cases in which tree remains are found throughout the peat, show the true history 
of events. Of the two sections measured by Houmpog, one at Maridalen, Norway, is 
242 m. in length, with a maximum depth of 3°9 m.; the other at Tuemyr in Nitedalen, 
Norway, is 159 m. in length with a maximum depth of 3°6 m. In both the sections, 
stools, trunks, and twig layers occur from near the surface to the base, but in the 
Nitedalen section the tree remains seem to be chiefly aggregated about °5 m. below 
the surface, although a smaller number occur to the base of the peat. 

It will be best to give first an account of the measurements I made in 1909, and 
then consider the bearing of these facts on the views held by the two antagonistic 
schools of Biyrr-SERNANDER and ANnpERsson. The three sections of which I made 
measurements in 1909 are in Shetland, Kirkeudbrightshire, and Inverness-shire. In the 
first district the measurements relate to the Lower Forest only, as the Upper Forest _ 
does not extend beyond the north coast of Scotland. The Inverness-shire sections 
contain only the Upper Forest, while the section in Kirkeudbrightshire contains both 
the Upper and the Lower Forest. 

The Lower Forest in Shetland.—The relative position of the strata and their flora 
has already been described. The position of the measured section was chosen, not for 
the regularity of the forest zone at that place—as, before the bank of peat was cut into, 
the forest was not visible—but for the fact that the general lie of the ground favoured 
free drainage from the section. Part of the bank containing the forest bed is shown 
in Pl. I. fig. 2. The photograph was taken before the bank was cut back some 
5 or 6 feet to expose the forest, which was entirely hidden by the slipping down of 
the loose peat from above as it became disintegrated with frost and sun. The length 
of the measured portion of the section was 60 feet. It would have been carried 
much further but for bad weather, it being impossible to make the measurements 
and plot on squared paper during continuous rain and high wind. The method 
employed was as follows :—The bank was cut back until a smooth vertical wall was 
obtained from the surface to the boulder clay. Ordinates were then drawn at a 
distance of 1 foot from each other on the wall of peat. The vertical distance of every 
piece of wood in the section above the glacial drift was then measured, and placed on — 
a sheet of squared paper. Each square of the paper represented 6 inches horizontally 
and 1 inch vertically. In this way the vertical position of the wood could be plotted 
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with great accuracy, and any irregularity in vertical position would rather tend to be 
magnified than minimised ; but for ease of reproduction for publication the results were 
reduced to an equal scale, viz. each square equals 6 inches in both a horizontal and 
vertical direction. The measurements are shown in Pl. V. fig. 36. The surface of the 
boulder clay is level, except at the southern end, where there is a small basin 15 inches 
deep. ‘The uppermost 11 inches of the drift is very stony, the surface on which the 
peat rests being almost a stone pavement. ‘The level of the boulder clay was plotted 
on the diagram by using the surface of the stream as a datum line, as the fall at this 
spot was very slight. It is not necessary to describe the features presented by the 
section, as full details are given in the diagram, except to point out that the forest bed 
occurs as a definite stratum in the peat, slightly thicker in some places than in others; 
these variations, however, being very slight, as compared with the total thickness of 
the peat. The stratum contained the following trees :—Betula verrucosa, Ehrh., Alnus 
glutinosa, and Pyrus Aucuparia. The causes of the existence and of the disappear- 
ance of this forest stage will be discussed later. 

The Lower and the Upper Forest in Kirkcudbrightshire.—The sections occur 
in a broad valley between the Merrick and the Kells Mountains, and the strati- 
fication of the peat was described in a former paper (7). The section was cut so as to 
follow the line of drainage through the peat bogs, the result being a zigzag course 
148 feet in length. The value of this section is due to the fact that it lies in a part of 
the country where three important datum lines occur in the peat: the Lower Forest 
resting on the glacial deposits, with the Second Arctic Bed above, overlaid by the 
Upper Forest. 

The method of plotting was similar to that described for Shetland. As all the 
features under discussion are shown on the section (Pl. V. fig. 35), there is no need to 
give a detailed description here. The stools of the trees belonging to the Upper Forest 
are restricted to a definite band in the peat. The wood occurring at a lower level near 
the upper surface of the Second Arctic Bed, represents roots either of birch or of pine 
belonging to the Upper Forest. ‘To make this point certain, microscope sections were 
eut in every case. The two trees found in the Upper Forest are Pinus sylvestris and 
Betula glutinosa, Fries. Hazel nuts are also present, although not generally in any 
quantity. The Second Arctic Bed traverses the whole section and varies slightly in 
thickness, whilst below comes the Lower Forest resting upon the glacial deposits. . 
The denuded surface of the peat is shown in the diagram by the thin line above the 
Upper Forest. 

The Upper Forest in Inverness-shire.—This section lies at the north-east extremity 
of the Monadliath Mountains at an altitude of 1345 feet, on the eastern side of the 
Highland Railway. It is situated in an old basin of the boulder clay which has been 
entirely filled with peat, now presenting an undulating surface through which the rail- 


way runs ina cutting 30 feet in depth, giving good exposures of the boulder clay, capped 


with peat having an average depth of at least 12 feet. Hxact measurements are, how- 
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ever, impossible, as some of the peat excavated from the cutting has been placed on the 
top of the bank. Although in some ways the cutting is an excellent exposure, measure- 
ments would not have been taken here, owing to the disturbance of the peat during 
the construction of the railway, but for the fact that it is the only spot in Scotland, as 
far as my experience goes, where distinctly more than two layers of pine stools are to 
be found. 

The section is within the boundary fence of the railway, and permission to cut back 
the face of the peat was kindly given me by T. A. Wilson, Esq., General Manager of 
the Highland Railway. The section was examined last November, and I am much 
indebted to him for the kind arrangements he made on that occasion. 

Full details and measurements of the position of the pine stools will be found in 
the diagram plotted on Pl. V. fig. 37. 

Most of the trees, and particularly those in the two upper layers, are of large size. 
An average specimen was collected from each layer. The base of the trunk was sawn 
off as near the butt as circumstances permitted, and the ends of the samples squared 
and polished. In all the three specimens the annual rings are very distinct, and can 
easily be counted, and a brief description of the characters of the wood is given here. 

The specimen from the lowest tier of trees was sawn off at the butt. The centre 
and one half of the trunk had decayed, but the rest of the timber was quite sound, and 
measured 14 inches along a radius from the inner side to the outside. The number of 
rings along this radius was 184, giving an average of 13 to the inch. Growth appears 
to have been fairly regular. The widest ring is 4 mm., laid down during the forty-third 
year of growth. The narrowest ones near the outside give an average of 5 rings 
per mm. 

The tree from the second tier selected for examination showed features of great 
interest, inasmuch as the trunk to a height of 50 inches was buried in peat. ‘The tree 
was standing in the position of growth, and the peat in which it was buried had not 
been disturbed, as the third or uppermost tier of trees lay on the top. A channel was 
cut through this peat from the level of the lowest tier to the base of this specimen, and 
is Shown in Pl. III. fig. 6. The trunk was not sawn off at the base owing to the large 
amount of peat that would have had to be removed in order to provide working room 
for a large saw, so the trunk was taken off 22 inches above the base. The great depth 
to which this trunk was buried shows at any rate that peat formation between the 
lowest and the middle tier of trees could not have proceeded very slowly, or else the 
trunk would not have been in such a sound condition. The bark had, of course, 
vanished, and possibly a good deal of the outer part of the timber, as the outside 1s 
much grooved, sometimes to a depth of 3 or 4 inches. The quality of the wood is 
very different from that of the specimen from the lowest layer; it is very hard, the 
annual rings are exceedingly close, and growth appears to have been very irregular. 
The number of rings along a radius of 64 inches was 2738, giving an average of 42 
to the inch. The broadest ring was 2°5 mm. wide, laid down during the twenty-first 
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year of growth. Near the periphery the rings were exceedingly narrow, there being as 
many as 5 to 1 mm. of radius. 

The specimen from the uppermost or third layer was sawn off close to the stool, and 
along a radius of 142 inches showed 340 rings, giving an average of 23 to 24 rings per 
inch. The broadest ring was 3 mm. wide, laid down during the ninety-eighth year of 
growth. Near the outside the rings number 6 to 1 mm. 

The specimen from the lowest layer may be considered of normal growth, but in the 
other two, particularly the second layer, growth has proceeded with extreme slowness. 
The age of the trees from the two upper layers is remarkable, as the limit of Pinus 
sylvestris is usually placed at 200 years.* 

In this case we have four distinct layers of trees, the lowest (of birch) resting 
directly upon the boulder clay. This must be an unusual feature, else surely some of the 
thirty-seven districts which I have examined in all parts of Scotland would have shown 
similar features. Hach successive tree layer is separated by peat formed of Sphagnum, 
Eriophorum, and Hypnum. 

In 1907 (12) I described the stratification found in the peat on the Spey-Findhorn 
watershed, which is less than a mile from the Slochd. The sequence over this 
watershed, and also on the Findhorn-Nairn watershed a few miles farther north, was 


briefly as follows :— 


Recent peat, Scirpus cxespitosus and Sphagnum sps. 
Pinus sylvestris. 

Sphagnum sps. 

Pinus sylvestris. 

Sphagnum sps. 

Betula alba (shrubby). 

Arctic plants. 


Pe ee oe Bae es 


On the lower slopes of the Findhorn-Nairn hills the small birch frequently rests 
upon the drift precisely as it does at Slochd, the only difference between the two places 
being that there are three pine layers at the Slochd instead of two as elsewhere in this 
part of Inverness-shire. 

There is, I think, no doubt that all the layers of pine at the Slochd belong to the 
Upper Forest. There is no reason that this stratum should always be distinguished by 
one tier of pine stools, for a forest layer simply marks a time when trees spread very 
generally over the peat bogs—frequently outside the present range of tree distribution. 
In a level area or a hollow, such as the spot under consideration, a slight change in the 
local drainage might easily result in the replacement of forest by peat-bog and peat-bog 

* Measurements given by Kirscuner, Lomw, ScHroter (11) for Pinus sylvestris from Denmark and Northern 
Finland show a much higher rate of growth than is indicated by the trees from Slochd. The measurements given by 
the above authors for Pinus montana agree more closely, but I think there can be no doubt that the forest at Slochd 


consists of Pinus sylvestris, for although no cones were found, forest beds of similar trees in other parts of Scotland 
yield cones which invariably belong to Pinus sylvestris, 
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by forest. This succession might continue as long as the conditions favoured the 
existence of forest. 

The causes of the existence and of the disappearance of the two forest beds may 
now be briefly considered. ; 

The Lowes Forest.—This lies near the base of the peat, immediately over the First 
Arctic Bed. A gradual transition can be traced in Shetland from the basal true arctic 
plants through moorland conditions where Himpetrum ngrum and Potentilla Comarum 
were dominant, to the layer which, on account of the closely crowded roots, trunks, and 
twigs, may be designated as forest. This layer occurs in 8. Scotland (8) in positions 
which are well within the present range of trees, but in Shetland it is present in a 
district in which no trees are to be found growing wild, and where only in a few most 
sheltered spots are planted trees to be found. It may be contended that the afforesta- 
tion of a large tract of country might so break the force of the wind and afford shelter 
that trees might grow under conditions which would prevent them coming to maturity 
in small copses. While this may be true, it does not explain how this forest spread 
over Shetland at the close of the first arctic stage, or how it established itself in a wind- 
swept island like Foula. 

It is well known that high moor may give rise to a totally different type of 
vegetation such as dwarf shrub heath, when the upward growth of the peat causes a fall 
in the soil water-level. Under favourable conditions this may give rise to forest. The 
developmental stages of the vegetation clearly preclude such edaphic causes for the 
erowth of this forest, as an arctic vegetation gives place to Betula glutinosa, Fries., 
Alnus glutinosa, ete., together with many plants having a wide distribution and 
others of a distinctly southern aspect. ‘This, then, clearly marks amelioration of the 
climate following on the arctic period at the close of the glaciation. The plant remains 
make it clear that the Lower Forest was not a dry period, for all the plants (with the 
exception of one or two) are common in temperate Huropean regions. Similarly, it is 
not clearly shown that this stage was distinctly warmer than the present. Certain 
plants, such as Carex panculata, might suggest this, but their absence in Shetland now 
might well be due to their having been driven southward during the second arctic stage 
and their failure to remvade the area. On the whole, the bed suggests present 
temperamental conditions. But the facts are overwhelming in favour of its not being 
the product of present meteorological conditions. If trees planted in the most sheltered 
spots and nursed with the most cunning artificial devices fail to come to maturity, we 
should not expect the growth of forest on elevated hill-slopes and in a small spray- 
swept island like Foula. 

It seems probable that wind is the chief factor that prevents the growth of extensive — 
woodlands in Shetland at the. present time. Although the Mainland is 54 miles from — 
north to south, no place is more than 4 miles from the sea. According to a chart — 
prepared by H. H. C. Dunwoopy (18), the area embracing Shetland, Feeroe, and 
north-westward to the coast of Norway has an annual storm frequency of over 20 per 
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5° square. This is the greatest storm frequency of any district at sea-level on the 
Huropean plateau. According to Pl. XXIX. of the same Atlas (13), the greatest 
storm frequency occurs in the months of May, July, August, September, November, and 
December. This includes just the months when strong salt-laden winds from the ocean 
would be most fatal to foliage. 

Another factor may be the low summer temperature. The July isotherm of 53°4° F. 
passes just south of Shetland, turns northward parallel to the coast of Norway, and 
passes eastward across the White Sea. Shetland thus has a lower mean summer 
temperature than any other part of Europe at sea-level. During the summer months, 
north winds are rather frequent, the humidity of the atmosphere is then low, and the 
temperature frequently sinks below 45° F. 

The strong salt-laden winds with a low summer temperature in my opinion fully 
explain the absence of woodlands in these islands. This conclusion points to the fact 
that these climatological features could not have existed during the period when the 
Lower Forest spread over the islands. 

It will now be well to inquire into the possible causes of the absence of strong salt- 
laden winds and a low summer temperature during the time of the Lower Forest. 
This period falls within a time when the land surface in West Hurope certainly had 
a greater extent than it has now. Following on the Mecklenburgian period, marked by 
the basal arctic bed in Shetland, there occurred a general land elevation in Europe 
which culminated in the Baltic becoming a fresh-water lake (Ancylus Period of Scandi- 
navia). To what extent this land elevation spread westward over the British Isles we 
do not know, but the buried forests frequently found at a considerable depth round the 
British coasts show that elevation did take place. 

It is a matter for regret that a systematic survey of all these buried forests has not 
been made in this country. A memoir dealing with the exact depth below O.D. at 
which such forests occur and their flora would give certain evidence of the amplitude 
of the changes which took place at this period. All we can say at present is that sub- 
merged forests occur at depths of 35 feet below mean high-water mark, pointing to a 
subsequent depression of about 55 feet (14). 

It is generally agreed that the elevation in South Sweden amounted to at least 100 
feet, and may even have been as great as 260 feet. Even the lesser elevation would 
considerably increase the land area of Shetland, whilst a rise of 260 feet would connect 
it with Scotland, and England with the Continent. 

OSTENFELD (15) discusses this question when considering the immigration of the 
flora of the Feeroes, and comes to the conclusion that a post-glacial land-bridge is 
necessary to account for the facts. Warmine (15), on the other hand, takes the 
opposite view. The composition and the relationships of the Feeroese flora are known 
in the most detailed manner from the investigations of Danish botanists, and the facts 
appear to be difficult to explain without a post-glacial land-bridge, particularly as both 
observers admit that, failing a land connection, wind is the most important agent 
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aiding plant immigration in this case. The relationship of the Feeroese flora affords 
strong proof, according to OsTENFELD, that it was not introduced by wind agency, and 
it appears to me that his case is immensely strengthened by the fact that no definite 
evidence exists of the stocking by wind of an island that is more than 30 miles 
from its mother country. 

These points are only mentioned here, because they indicate that, according to some 
observers, an extent of land surface sufficient to link up Feeroe with Scotland is needed 
to account for the peculiar relationship of the flora in those islands. If post-glacial 
changes resulted in the formation of such a land connection, it must have taken place 
soon after the retreat of the ice from Shetland and Feeroe, and have continued to exist 
during the Lower Forest period. If any considerable elevation of land did take 
place at this period, as seems certain from the geological evidence, it would diminish 
the force of the salt-laden wind in the inland parts of Shetland, and so allow the 
growth of forest. 

It is difheult to say what meteorological changes a land elevation in N:W. Europe 
would produce. But it is quite certain that the climate of this time was at least 
as warm as the present, and continental in character. I do not regard the low 
summer temperature alone as an important factor in limiting the growth, but in 
conjunction with strong and occasionally dry winds its possible influence cannot be 
disregarded. 

The extinction of this forest might be due to the imroads of animals such as 
sheep and cattle, as in so many well known cases in which forests have been exter- 
minated in this way ; the great age of this forest, however, lying as it does immediately 
above the basal arctic bed and below the second arctic bed, makes it most unlikely that 
Shetland was then inhabited at all, or if so, by inhabitants with large herds of cattle. 
Even supposing that this was the cause of its disappearance, we should expect to find 
traces of the forest still remaining in sheltered places inaccessible to cattle and sheep, 
such as crannies and gullies on the hills. ‘There are many such places in the quartzite 
regions of Shetland, but even there not a single wild tree of the smallest dimensions 
is to be found. 

Jt appears to me probable that the destruction of the forest was caused by the dis- 
appearance of the climatological features which allowed its development. 

It is very usually stated by some authors that the growth of high moor at the 
expense of forest may occur by the decay and falling of trees obstructing the drainage 
and thus encouraging the growth of Sphagnum; the production of raw humus and 
lowering of the aeration and temperature of the peat resulting in the complete replace- 
ment of tree growth by Sphagnum moor. That this may occur in certain basins I do 
not deny, but it is quite inadequate to account for the widespread succession in British 
peat mosses. ‘The evidence that has been used to support this view originated from 
a study of peat formed in old lake-basins in Denmark and Sweden. Such changes are 
peculiarly likely to occur in old lake-basins, as the outlet may be temporarily dammed by 
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vegetable accumulations, thus causing a rise in the water level, resulting in destruction 
of the trees. 

This theory appears to account for the facts so easily, that it has been used to ex- 
plain the destruction of either the one or the two forests generally found in the 
older peat deposits of N.W. Europe, without a critical examination of the whole 
evidence. 

These buried forests, at any rate in Scotland, are very seldom associated with 
Sphagnum peat. Further, both the Lower Forest and the Upper Forest in many cases 
occur in districts and at altitudes beyond the present range of trees, and contain the 
remains of a ground flora which now has a more southerly distribution. 

These features are important, for they are met with over so wide an area and are so 
clear that they point to the conclusion that these two forests are the result of past 
climatic changes. I think this conclusion would be fully justified even if it rested 
solely upon the botanical evidence. 

In a most interesting passage GUNNAR ANDERSSON (7) discusses the constancy of 
biological characters. He says: “There are whole troops of species, living under the 
most varied ecological conditions, plants as well as animals alive im the air and in the 
water. If they give the same result, then we have reached an empirical certainty of 
probabilities that all of them cannot have changed their biological demands in the same 


” 


direction. . . .” The comparison of the anatomy of these recent fossils with their re- 
presentatives of the present day is fraught with great dithculties owing to the frag- 
mentary condition of most remains, other than seeds and fruits. Leaves, of course, 
would be most important, but unfortunately they are seldom sufficiently well preserved 
to show detailed structure. The onus of proving that the ecological requirements of 
certain species have changed during the tens of thousands of years of post-glacial time 
lies with those who make the statement. If each stratum in the peat were distinguished 
by only one or two plants, the possibility of such a change in ecological requirements 
would seriously impair their value as indicators of climate ; but when numbers of species 
are recognised in each stratum, is it not too much to assume that all these have varied 
ecologically at the same time and in the same direction, either say as to their optimum 
temperature for ripening of seed, or their power for living under moister or dryer 
conditions ? 

While the observations I have made support the Biyrr-SeRNANDER view that the 
forest beds are actual datum lines, the plant remains do not in any way support Brytt’s 
(16) original view that each forest bed was formed under dry conditions. At the same 
time, the peat appears to have been formed at a slow rate, for layers of birch bark are 
sometimes met with, the wood having disappeared, showing a considerable lapse of 
time between the death of the tree and the covering of its remains by peat. While 
the conception of the forest bed as a distinct stratum in the peat may be granted, it 
may be well questioned whether the forest bed in one district in Scotland may be - 
contemporaneous with that in another district, 7.e. whether the forest beds in different 
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districts are homotaxial, or whether they represent stages in the evolution of the 
vegetation on peat due solely to ecological causes. This is really a most important 
problem, and upon it hangs the whole question of the stratification of the peat. If 
Buy's conception of each forest bed as representing a dry period could be proved, then 
indeed we have a proof of the contemporaneity of these strata; but at any rate in the 
case of the Lower Forest the evidence from this country does not give any support 
to that theory. How then is it possible to show with any degree of certainty that 
forest beds in two widely separated districts are really contemporaneous. 

From the details which have already been given, it will be seen that the Lower 
Forest at any rate does not necessarily indicate any important difference in temperature 
from that of the present day, but its distribution in Shetland indicates entirely different 
meteorological conditions. In the south of Scotland the forest which is correlated with 
the Shetland stratum lies within the present altitudinal range of trees, although the 
areas in which it occurs are at present treeless. The absence of trees may, however, 
be caused by many factors other than changed meteorological conditions, such as the 
grazing of sheep and the influence of man. In the correlation of these two areas, then, 
we have in the south of Scotland a buried forest within the present range of tree 
distribution, and indicating no important change in climate; in Shetland, a forest which 
lies outside the present limits of woodland. Obviously the most detailed study of the 
flora contained in these two widely separated strata would not prove or disprove their 
contemporaneity, since both contain temperate forest trees and plants which might be 
found in any lowland deciduous wood at the present time. The relation of these two 
beds to the strata above and below is the important point. We know that before the 
existence of either forest there was a cold period or series of cold periods marking the 
glacial epoch. In the south of Scotland the Lower Forest rests upon the last moraine 
laid down, in Shetland it rests upon peat formed of the arctic plants which marked the 
passing away of that period. There is nothing remarkable in this; peat formation 
depends upon the delicate adjustment of several factors, such as soil, drainage, tempera- 
ture, and precipitation—especially humidity of the air. In some parts of Sweden the 
arctic vegetation which flourished during the later stages of the glacial epoch has not 
been preserved as peat, although it is found in fresh-water clays underlying considerable 
thicknesses of later formed peat. In both the south of Scotland and in Shetland an 
arctic bed overlies the forest zone, so that in both cases the forest lies between strata 
indicating without doubt much colder conditions than the present. If the forest bed 
in both districts occurred between two strata of Sphagnum peat, then any certain 
correlation would be more difficult ; but the changes which brought about the replace- 
ment of temperate forest by arctic plants in one area must also have operated over 
the other. It is quite impossible that so many climatic fluctuations occurred after 
the deposition of the moraine that the arctic bed intercalated in the peat of 8. Scotland 
should not be contemporaneous with that intercalated in the Shetland peat. It is only 
upon such similarity in the stratification that any sure correlation of the forest beds 
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can be made, and when these features are found in places so far apart as the south of 
Scotland and Shetland the proof seems to me to be conclusive. 

The Upper Forest.—This generally rests upon High Moor peat, formed after the 
second arctic stage, although in the same districts it frequently runs out on rising 
ground beyond the High Moor peat and then rests upon drift. This feature is 
illustrated in fig. 3, which shows a section in the valley between the Merrick and the 
Kells Mountains in S. Scotland. Similar features occur all over the country, and the 
pine trees which rest on the drift can be traced into the deeper peat as a continuous 
stratum. This observation does not prove that pine was not growing on the drift 
before it spread over the peat at C, but it does show very clearly that after the Upper 
Forest a period of rapid peat growth took place, when the peat mosses extended their 
boundaries in all parts of the country. It is possible that this forest represents in the 
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‘Fic. 3.—The Upper Forest at the margin of the deeper peat layers in the Merrick-Kells Mountains. 
a, Recent peat ; 6, Upper Forest; c, Eriophorum peat ; d, second or upper Arctic bed ; ¢, Lower Forest ; /, glacial deposits, 


deeper peat areas a true ecological succession, but the fact that it is found over wide 
areas 1200 feet above the utmost present limit of tree distribution has to be explained. 
I do not think that edaphic changes can explain such a considerable rise in the 
altitudinal range of tree distribution. 

Although in Scotland birch and hazel occur in this stratum, pine is the dominant 
tree, and the accompanying flora is poor and monotonous in character. On Cross Fell 
in Cumberland (18) the dominant tree of the Upper Forest is birch, which is encountered 
in the peat mosses up to 2550 feet. From this layer have been collected Ranunculus 
repens, Lychnis diurna, Ajuga reptans, Elatine hexandra, Alnus glutinosa, Viburnum 
Opulus. 

The presence of this flora at 2500 feet suggests warmer and more continental con- 
ditions, and agrees with the higher level to which trees spread during this period in 
Scotland. 
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SUMMARY. 


I described the principal stages, in the history of the vegetation over peat-covered 
areas since the later stages of the glacial period, in former papers during 1905, 1906, 
1907. These stages are as follow :— 

1. An arctic-alpine vegetation resting on the moraine laid down by the last mer 

de glace. 

. A forest of birch and hazel. 

. A layer of arctic-alpine plants occurring down to sea-level in Shetland. 

. A forest of pine, hazel, and birch occurring up to 3200 feet above sea-level. 

. A layer of peat accumulated from the period of stage 4 to the present day, con- 
sisting entirely of moorland plants. 

The districts described in this paper amply confirm this sequence. Further in- 
vestigations in Shetland have shown the existence of the distinct stages of peat growth 
—one beginning with arctic plants lying on the glacial drift and containing the remains 
of birch, alder, and rowan, succeeded by a period when alpine-arctic plants again 
spread over the peat; the other consisting of unstratified peat formed from moorland 
plants accumulated during a period when the bogs greatly enlarged their areas, covering 
the surrounding land. 

The observations from Rhilochan in East Sutherlandshire show practically the same 
broad succession for that area, with the addition of an Upper Forest, which, although 
most widely spread throughout Scotland, has not been found farther north. 

Special attention has been paid to the character of the two forest beds, and detailed 
measurements have been made which, as far as they go, prove that the trees occur only 
at definite horizons in the peat. The fossils collected from the Lower Forest show that 
the conditions at that time were, as far as temperature is concerned, not markedly 
different from those of the present day. The Shetland areas, however, show that the 
forest passed far beyond the present tree limit, and indicate that entirely different 
meteorological. conditions obtained there at that time. 

The view is taken that the First Arctic Bed, Lower Forest, and Second Arctic Bed 
represent distinct climatic phases during the early post-glacial stages. The Upper 
Forest may represent a stage due to edaphic causes, but if this is so it is difficult to 
account for the existence of this bed so far above the present tree limit, unless the trees 
in that stratum had altogether different ecological requirements from similar species 
now existing. 

The view held by Axext Buiyrr that the forest beds indicate dry periods is not 
upheld by the plants collected from that layer, although the evidence is in complete 
agreement with Brytr (16) and SerRNaNnpER (17) as to the fact that those beds 
occupy definite horizons in the peat. ‘The view brought forward by GUNNAR 
ANDERSSON in 1909, that “stool occurrences (tree roots) in the peat mosses of Scandi- 
navia represent all the phases of the Post-glacial Period, and that even if they are 
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localised in one peat moss to a certain horizon of the peat, one has no right, at least on 
the strength of investigations undertaken hitherto, to parallelise them with another as 
to time,” receives no support from the British peat areas, and in Iceland a continuous 
layer of trees is found in districts which now lie beyond tree limits. 

In conclusion, I wish to express my thanks to Professor J. W. H. Trait, M.D., 
F.R.S., for help in determining some of the plants, to Mr H. N. Dixon, M.A, 
F.L.8., for his identification and remarks on the mosses, and to Dr J. Horne, F.R.S., 
for much help during the progress of the work. 

I am also greatly indebted to the Government Grant Committee of the Royal 
Society, London, for grants to defray the scientific expenses of this investigation in 
Scotland. To the Council of the British Association for the Advancement of Science I 
owe my best thanks for a grant to defray the scientific expenses of the investigation 
in Iceland. 


APPENDIX A. 


STRATIFICATION OF Peat Deposits IN ICELAND. 


In 1907 I made a journey through parts of Western and Southern Iceland for a 
preliminary examination of some of the peat areas. No record was available as to 
position, extent, or depth of the peat; but from information collected at Reykjavik 
two areas were selected—one to the south-east, over Hellisheidi, through Reykir, across 
the Pjorsa River near the farm of Kaljholt, past the Hastern and Western Ranga Rivers 
to the glaciers of Tindfjallajokull—a distance from Reykjavik of 120 miles in a straight 
line. The other area embraced three of the broad, shallow valleys south of Reykjavik, 
within about 8 miles of that place. 

The first part of the south-east route passed over rocky ground with a sparse vegeta- 
tion of Salix herbacea, Dryas octopetala, Kmpetrum ngrum, with large areas of bare 
soil between. About 20 miles from Reykjavik, the Hellisheidi rises to about 1800 feet 
for a distance of 9 miles. This is covered in most places by peat averaging from 
a few inches to a foot in depth, and here the vegetation consists principally of Rhaco- 
mitrium lanugmosum, amongst which grow numerous stunted plants of Calluna 
vulgaris, Vaccumum Myrtillus, V. uliginosum, Empetrum mgrum, with patches of 
Sali« herbacea. The south-eastern escarpment falls steeply towards Reykir, where 
peat deposits as much as 53-6 feet in depth occur on the floor of a broad valley. 
Sections were taken along the sides of the stream flowing through this valley. The 
peat is extremely sandy, often traversed by numerous bands of diatomaceous earth and 
clay, and generally rests upon a floor of lava. ‘There are numerous hot springs along 
the slopes of the valley, and the frequent bands of clay and iron found in the peat are 
probably due to the streams of water flowing from these springs during seasons of great 
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activity. No distinct stratification could be made out in this shallow peat; stems and 
leaves of Salix herbacea, S. lanata, Dryas octopetala occur at various levels. This peat 
is everywhere overlaid with 3 feet of extremely fine loam, brought by wind from the 
voleanic regions to the north-east. This deposit covers large areas between Reykir and 
the Poera River, and is still being formed. During two days’ journey across this district 
the dust was brought in sufficient quantity to obscure the sun and produce a thick 
gloom, whilst the dust, as fine as flour, penetrated everything. At the River Hvita, 
on the banks of a small tributary, I found a good natural section through deep peat, 
the stream having cut through the deposits to a depth of 17 feet. This section showed 
the following features from the surface downwards :— 


1. Fine gray loam, 3 feet. 

2. Peat, 6 inches, containing Hquisetum arvense, Selaginella selaginoides, Isoetes echinospora, Potamo- 
geton sp. 

3, Peat, 2 feet 8 inches, crowded with the roots and trunks of Betula verrucosa with catkin scales, 
Juniperus communis, Menyanthes trifoliata, Care sps. 

. Peat, 7 feet, containing Salix lanata, Dryas octopetala, Polygonum viviparum, Betula nana leaves. 

. Peat, 3 feet, containing Juniperus communis, Betula verrucosa, Ehrh. 

. Peat, 14 feet, formed of Carea sps., Menyanthes trifoliata. 

. Fine sand to a depth of 3 feet. 


IO TO 


The largest birch trunks encountered in layers 3 and 5 were 10% inches in diameter. 
These two layers were closely crowded with wood and bark. Trees of this size are now 
extremely rare in Iceland, and only occur in a few sheltered places in the eastern part 
of the country. 

Without attempting to draw any comparison between this peat and the British 
deposits, it may be pointed out that, judging from the great depth of this 
section, the lower strata, in all probability, go back as far as the lower strata in 
Britain, as peat formation could hardly have proceeded much faster in Iceland than 
in Shetland. 

Between the Southern Hvita and the Pjorsa is an extensive region of deep peat 
having a smooth surface. Owing to the difficulty of obtaining labour, excavations 
could not be made, but soundings taken with a long rod showed abundant wood 
at a depth of 6% feet. A thorough examination by means of sections would almost 
certainly yield material of much interest. Special arrangements would have to be 
made to obtain labour, and the work should be done in July or August, when a 
stay of several weeks would be necessary, during which time the ponies could be sent 
back to Reykjavik, as considerable expense would be entailed by keeping them on 
the ground. 

During the last part of my visit I camped for some time on the peat deposits which 
lie 8 or 10 miles south of Reykjavik, and whilst there, had a number of sections carried 
to the base of the peat. The country consists of a number of shallow valleys lying 
almost due east and west. The floors of these valleys are covered with peat averaging 
8-12 feet in depth. 
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In the first valley I found the following sequence :— 


1. Fine peaty sand, 1 foot. 

2. Yellow clay, 1 inch. 

3. Peat containing abundant remains of Carew sps., 1 foot. 

4, Yellow clay, 3 inches. 

5. Hard fibrous peat, 3 feet. 

6. Peat containing much Betula verrucosa, Ehrh., 1 foot. 

7. Peat containing stems and leaves of Salia herbacea, Betula nana, Thalictrum alpinum, Selaginella 
selaginoides. 

8. Surface of weathered lava. 


The stratification in the second valley is as follows :— 


. Fine brown sand (with a thin layer of black volcanic ash 1 foot 2 inches below the surface), 3 feet. 
. Peat containing Carex sps., 2 feet. 
. Betula verrucosa—wood, catkin scales, and leaves, 54 feet. 
. Coarse grit with leaves of Betula nana, Salix lanata. 
. Stiff gray clay, 1 foot, resting on volcanic rock, 
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The strata in the third valley, farther south, were as follows :— 


. Fine sand, 1 foot 6 inches. 

. Scirpus cespitosus peat, 3 feet, with a layer of volcanic ash 1 foot below the surface of the peat. 

. Peat crowded with the remains of Betula verrucosa, Ehrh., 1 foot. 

. Hard dry peat containing leaves of Betula nana and Salix herbacea, Polygonum viviparum, bulbils. 
Lower layers containing much sand, 2 feet. 

5. Stratified volcanic ash. 


The stratification in these three valleys is exactly similar. In each case a definite 
birch layer occurs from 3 feet 6 inches to 5 feet 4 inches below the present surface of 
the ground, whilst the peat above and below is formed of plants which grow plentifully 
in Iceland at the present day. Before any definite comparison could be made between 
the stratification in Iceland and Scotland, a large amount of work would have to be 
done in the former country. The most interesting feature that is shown by these 
sections is the presence of fair-sized trees of Betula verrucosa, Khrh., in a district 
which is certainly outside the present limit of distribution of that tree. 

The glacial succession in Iceland has been dealt with very fully by Pserursson 
(PseTuRSS) (18, 19), in several papers, and according to the evidence he brings forward 
there is no doubt that there have been several distinct stages in the glaciation, separated 
by warmer periods. The stratification I have recorded suggests that these changes did 
not entirely cease after the deposition of the last moraine. 
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APPENDIX B. 


MossEs DETERMINED By H. N. Drxon, M.A., F.L.S., From Various Srrata 
IN THE PEat. 


Mosses other than Sphagnacee are not usually abundant in the peat, except locally. 
Mr H. N. Drxon kindly undertook the determination of the species found in the 
various strata, and has also added notes upon the species and their present distribution 
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W. Shetland— Walls District. 


Upper layers of First Arctic Bed (p. 802), associated with Potentilla Comarum, 
Lychns diurna, Carex paniculata, Selaginella selaginoides :— 


Hypnum elodes, Spr. 
H. scorpioides, L. 


The whole consisted of these two species in some quantity, the former in more than 
one form. Clearly a paludal deposit. Both species occur in Shetland at the 
present day. 


Iceland—District south of Reykjavik, near Havnafjord. 


From layer 6, containing Betula verrucosa, in first valley described on p. 829 = 


Sphagnum intermedium, Hoffm., a single leaf. 

Philonotis fontana, Brid. 

Philonotis sp. A few fragments of a Philonotis much eroded, with very stout 
adpressed nerve ; it may belong to an adpressa form. 

Hypnum pratense, Koch. It is either this or H. Patientix, Lindb. The leaves 
are minutely but clearly denticulate, which I have found occur on H. 
pratense, but not on H. Patient ; and I think this points clearly to its 
being the former. . 

Hypnum giganteum, Schp. 

Hylocomium splendens, B. and S. 


These are all either bog, aquatic, or terrestrial mosses, such as might have been 
brought down by a stream from a plateau. | 
From the Betula verrucosa layer in another section in the first valley :— 


HHypnum uncinatum, Hedw. With numerous ¢ flowers. 


From stratum 38, associated with Betula verrucosa, Khrh., in the second valley 
described on p. 829 :-— 


A single fragment only ; probably Hypnum pratense, Koch. 


From the base of stratum 3, associated with Betula verrucosa, Ehrh., described on 
p. 829 :— 


Dicranum strictum, Schleich? I think the single fragment of a Dicranum 
contained here almost certainly belonged to this species. Unfortunately, 
the slide, which I was sending to M. Carpor for his opinion, was posted on 
the eve of the Post Office strike in Paris, and was irrevocably lost. The 
basal cells were perhaps a little large for that species, but I do not think 
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it could be any other, J. strictum would be an interesting plant to find 
occurring in Iceland at that period; but under the circumstances it must 
unfortunately be left out of account. A fragment or two of a peculiar and 
quite unrecognised moss was also unhappily lost at the same time with 
the Dicranum. 

Philonotis fontana, Brid. One stem seemed to show an approach to the 
characters of P. adpressa, but not very markedly. 

Mnuum punctatum, 1. 

Fontinalis sp. The same as in the second section in the third valley. 

Hypnum uncinatum, Hedw. 

H. molluscum, Hedw. 

H. cuspidatum, L. 


Hylocomium triquetrum, B. and 8. 


A similar association to those contained in layer 6 of the first valley; the bulk 
being aquatic mosses, such as would be found in or by a stream, while one or two are 
terrestrial or rupestrial species which might have been brought down from the uplands. 

From another section in the third valley associated with Betula verrucosa :— 


Philonotis fontana, Brid. 

P. calcarea, Schp. ? 

Mnium punctatum, L. 

Fontinalis sp., probably F’. antupyretica. - 
Hypnum uncinatum, Hedw. 

H. cuspidatum, L. 


A similar series to those from the Betula verrucosa, Khrh., layer in the first valley, 
except that all are bog mosses or aquatic, none terrestrial purely. Fontinalis marks 
either a stream or pool—not a bog. 
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EXPLANATION OF PLATES. 


Pruate I. 


Fig. 1. Section through the older stratified peat deposits in the Dale of Burn, W. Shetland. 
Fig. 2. Showing the older stratified peat deposits on the Weisdale Hills, Shetland. The measurements 
and position of the trees in the forest bed at this spot are given in Pl. V. fig. 36. 


Prate II. 


Fig. 3. Section opposite Lunga Water, W. Shetland, showing the junction of the newer unstratified peat 
and the weathered boulder clay. The base of the peat is shown at the top, and the weathered boulder clay 
containing birch bark in the middle of the photograph. The unaltered boulder clay is shown at the base 
of the figure. 

Fig. 4. Showing the denudation of the peat at 600 feet on Stanevatsoe Hill, W. Shetland. 


Prate III. 


Fig. 5. Section through newer unstratified peat deposits on Mousa Vord, W. Shetland, showing 
indefinite banding of Sphagnum, 
Fig. 6. Pinus sylvestris in the second tier of forest at Slochd, Inverness-shire, described on p, 818. 


Puate LY. 


Fig. 7. Ranunculus repens, x15, From the Lower Forest, Shetland. 

Fig. 8. Viola palustris. 12. Lower Forest, Shetland. 

Fig. 9. Lychnis diurna? x15. Lower Forest, Shetland. This agrees very closely, but the spines are 
longer and more slender than in modern seeds. 

Fig. 10. Montia fontana. x15. Lower Forest, Shetland. 

Fig. 11. Hypericum pulchrum. x15. Lower Forest, Shetland. 
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Fig. 12. Empetrum nigrum. x12. First Arctic Bed, Shetland. 

Fig. 13. Rubus ideus. x*12. Lower Forest, Shetland. 

Fig. 14. Potentilla comarum. x15. First Arctic Bed, Shetland. 

Fig. 15. Menyanthes trifoliata. x15. First Arctic Bed, Shetland. 

Fig. 16. Litoreila lacustris. x15. Second Arctic Bed, Shetland. 

Fig. 17. Salvia Verbenaca. x15. Lower layers of the Lower Forest, Rhilochan. 
Fig. 18. Ajuga reptans. x12. Lower Forest, Shetland. 

Fig. 19. Betula alba. x15. With wings broken. Lower Forest, Rhilochan. 
Fig. 20. Betula alba. x15. Lower Forest, Shetland. 

Fig. 21. Betula sp., probably verrucosa. x14. Third valley, stratum 3, Iceland. 
Fig. 22. Betula sp., probably verrucosa, x14. First valley, stratum 6, Iceland. 
Fig. 23. Betula nana. x14. Second Arctic Bed, Shetland. 

Fig. 24. Betula nana, x1}. First Arctic Bed, Shetland. 

Fig. 25. Alnus. glutinosa, fruiting scale. x15. Lower Forest, Shetland. 

Fig. 26. Corylus Avellana, x2. Lower Forest, Rhilochan. 

Fig. 27. Salix herbacea. x14. Second Arctic Bed, Shetland. 

Fig. 28. Salix herbacea. x14. First Arctic Bed, Shetland. 

Fig. 29. Salix sp. First valley, stratum 6, Iceland. 

Fig. 30. Pinus sylvestris. x2. Upper Forest, Rhilochan. 

Fig. 31. Carex paniculata. x15, fruit. Lower Forest, Shetland. 

Fig. 32. C. paniculata. x15, nut. Lower Forest, Shetland. 

Fig. 33. C. teretiwscula. x15, nut. Lower layers of Lower Forest, Rhilochan. 
Fig. 34. C. atrata. x15, nut. First Arctic Bed, Shetland. 


Some of the figures do not reproduce the surface-sculpture of the seed well, partly owing to the want of 
contrast in the original photographs. 


Puate V. 


Fig. 35. Section plotted in the field on squared paper to show the position of trees in the Lower and the 
Upper Forest beds between the Merrick and the Kells Mountains, Kirkcudbrightshire. 

Fig. 36. Section showing the position of trees in the Lower Forest on the Weisdale Hills, Shetland. 

Fig. 37. Section showing the position of trees in the Upper Forest at Slochd, Inverness-shire. 
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I. InrRopucrion. 

In February 1909 Mr JoHn THompson, Hull, forwarded to me for identification, 
along with species of Hydroids, specimens of a “ Pedicellina,” which he was unable to 
identify with any known British form. These specimens proved to be of particular 
interest ; and although a first consignment was dead on arrival in Edinburgh, Mr 
THoMeson was successful in obtaining additional specimens, which, having travelled 
safely, were kept under observation in a living state for a week, when they were 
preserved for more detailed examination. Cocaine was found to be the most successful 
narcotising agent. . 

The specimens were all obtained from a single locality. They were found in the 
St Andrew Dock Extension, Hull, growing on the surface of Membranipora which 
clothed the under sides of horizontal timbers supporting the piles, and on the surfaces 
of the timbers themselves. 

The most striking feature in these Entoproctan Polyzoon specimens was the jointing 
of the stem; and as jointed stems occur in but few species, from all of which our 
specimens differ in some respects, a detailed examination was considered necessary. 

Before proceeding with the description of the specimens, I wish to express my 
gratitude to Mr THompson of Hull, to whose skill and enthusiasm as a collector is due 
our knowledge of this interesting Polyzoon; and to Drs 8. F. Harmer and 
J. H. Asnworrs for assistance and advice. 


II. DEscRIPTION OF SPECIMENS. 
Stolon. 
The stolon is of the usual colonial Entoproctan type. Well developed, it reaches a. 


considerable length. bearing sometimes as many as ten polyps, and being complicated 
TRANS, ROY. SOC. EDIN., VOL. XLVII. PART IV. (NO. 27). 122 
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by polypiferous offshoots, similar to the stolon proper, which arise from the proximal 
dilatation of the polyp-stalk close to where it and the stolon join. Frequently two off- 
shoots arise from the same dilatation—on one occasion four. were observed. The 
cuticle of the stolon is generally much wrinkled transversely ; it is extremely delicate, 
and in preparations mounted in Canada balsam has frequently collapsed. The stolon is 
divided into regular polyp-bearing segments separated by barren ones of irregular 
length. Muscle-fibres are absent from it except towards the extremities of offshoots, 
in the neighbourhood of the growing point, where a thick layer of ectodermal cells 
exists. That the chitinous nodes, which limit a polypiferous segment of the stolon, 
develop subsequently to the budding of the polyp is evident ; for in the younger polyp- 
bearing offshoots no node occurs in the neighbourhood of the base of the stalk, although 
in older examples such exists. An abnormal separation between stalk and stolon is 
shown in Pl. I. fig. 2, where a horizontal septum at the base of the stalk takes the 
place of the usual vertical pair placed in the stolon, one on each side of the stalk. 


Stalk. 


The stalk consists of a variable number of internodes separated by well-developed 
chitinous nodes, through a circular perforation in which a ccenosare connection runs. 
Three and four are the most common numbers of internodes, but five and six 
occasionally occur, while seven and eight are rare, and are found on old stalks almost 
always destitute of calyces. Thus, in 75 individuals examined, the segments of 
whose stalks varied in number from 2 to 8 (single-jointed individuals being ignored), 
the distribution was as follows :—18 individuals possessed 2 segments, 23 had 3, 22 
had 4, 7 had 5, 3 had 6, 1 had 7, and 1 had 8. All the internodes, except the primary 
and the terminal, are of the same structure. The primary internode is a cylinder 
which arises from one of the smaller segments of the stolon, such as has already been 
described. ‘The basal portion of this first stem internode or “‘ phalanx,” to use EHLERS’ 
term, is broad, but the distal narrows rapidly, forming a cone-like summit, truncated by 
the first stem node. Like the nodes, the walls of this cone-like portion are chitinous and 
of a distinctly yellow colour. The median internodes consist of a narrow chitinous tube 
which arises from the summit of the previous internode, which varies very greatly in 
length, and which gradually widens into a swelling similar, except in volume, to that of 
a primary internode, terminating like it in a chitinous cone truncated by a nodal septum. 

The terminal node differs from this general type, for the median dilatation, instead 
of ending in a chitinous cone, is produced into a gradually narrowing tube, upon the 
summit of which the calyx is perched asymmetrically. The chief features of this 
terminal internode are its great length, the absence of a rigid chitinous envelope from 
all but the basal portion, the continuation of the muscle-fibres to the distal end of 
the internode, and the presence at this end of a thick bed of ectodermal cells lining the 
inner surface of the cuticle. Those structures, with the exception of the last, are 
clearly adaptations to facilitate movement, and observation of a living individual shows 


17] 
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that this internode is the most flexile of all, for, while the others remain rigid, it may 
sway to and fro, and may even curve itself into a circle. 

The early development of this form is more precocious than that of Barentsia 
(Gonypodaria) ramosa, Robertson, where, ‘“‘ by the time the calyx performs the function 
of nutrition, it may have been carried into or above the second phalanx.”* Here the 
calyx is fully developed, but of small size, long before the first node shows any trace 
of coming into existence. 

The sequence of the stages of development of the stalk appears to be as follows :— 
The terminal thick layer of ectodermal cells is similar in appearance to that which forms 
the growing point of the stolon, and here also functions as the centre of growth. The 
terminal internode becomes greatly elongated by continuous growth, and from it is then 
cut off the penultimate internode. This division is effected by two or three horizontal 
rows of polygonal ectodermal cells which come into view lining the cuticle a short 
distance below the diaphragm at the base of the calyx. These, by deposition of 
chitin, strengthen the cuticle, and build up the chitinous septum which separates two 
internodes. 

The minute structure of all the internodes is in general similar. Externally there 
is a cuticle, varying slightly in thickness, and considerably in colour. Colourless, 
transparent, thick and smooth immediately beneath the calyx, it becomes thinner 
downwards. At the dilatations in the stem it is thick and wrinkled but still colourless, 
while at the cone-shaped portions which occur on each side of the dilatations on 
most internodes it is thick, rigid, and distinctly yellow in colour. The chitinous 
wall consists of two layers, difficult to distinguish, the outer very thin, the inner 
thicker, more highly refractive, and more readily stained; in these respects the cuticle 
agrees with that described by Enters in Barentsia (= Ascopodaria) macropus.t 
There are no traces of ‘‘ pores” in the chitin, such as Miss Roperrson has described in 
Barentsia ramosa, and EHLERS in the species just mentioned. 

Lining the inner surface of the cuticle is a thin layer of regular ectoderm cells, 
best developed just beneath the calyx, but insignificant except there and at the 
growing points of stem buds. Beneath this, but confined to the dilatations of the stem, 
are long muscle-fibres, arranged in a single-layered sheath and attached at either end 
to the bases of the rigid chitinous cones. The greater portion of the interior of the 
stalk, however, is filled by a gelatinous, hyaline matrix, scattered within which occur 
connective-tissue cells, oval in shape and resembling those of Loxosoma rather than 
those of Pedicellina.{ he mesenchyme is continuous throughout the whole colony, 
perforations in the nodal septa allowing of its free passage from one internode to 
another. 


* Ropertson, ALICE, “Studies in Pacific Coast Entoprocta,” Proc. Californian Acad. Scz., ser. 3, vol. ii., part 4, 
1900, p. 339. 

+ Enters, E., “Zur Kenntnis der Pedicellineen,” Abh. Konig. Ges. Wissensch. Gottingen, Bd. xxxvi., 1890, p. 16. 

{ See Harmer, S. F., “On the Structure and Development of Loxosoma,” Quart. Journ. Mier. Sct. (N.S.), 
vol. xxv., 1885, p. 277, pl. xix. figs. 5 and 10. 
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Budding is not common. Buds arise from the lower half of the stem dilatations as 
mounds of ectoderm which push outwards between the muscle-fibres. They resemble 
closely the stolon buds of Pedicellina, consisting of a thick layer of ectoderm, 
protected on the outside by a thin cuticle, and including a gelatinous matrix with 
many connective-tissue cells. The mature bud is always separated from the parent 
stalk by a single chitinous septum similar to those which form the stem nodes. 
In Barentsia ramosa (Robertson), not only do the buds arise from beneath the 
muscular dilatation, but two septa intervene between each mature bud and the original 
stem, enclosing between them a short segment apparently homologous with the non- 
polypiferous segment of the stolon.* In one case only was the occurrence of a pair of 
close-set septa observed in our specimens, and there they separated the basal dilatation 
from the succeeding segment. The budding remains simple, and complicated branching 


where secondary branches are frequent, such as that of Barentsia ramosa, 1s 
altogether unknown. 


Calyx. 


The general structure of the calyx and the arrangement of the organs it contains 
are similar to those of typical Pedicellinide. The calyx is asymmetrical in position, 
overbalanced towards the anal side, and the lophophore lies almost at right angles to 
the long axis of the stem, at least in expanded specimens, for some obliquity is notice- 
able when the tentacles are retracted. In expansion, the lophophore is circular and 
broad, with a distinct, transparent, membranaceous ‘‘collerette.” The tentacles vary 
in number from ten to fourteen, but by far the most common number is twelve, which 
occurred in 70 per cent. of the animals examined. 

Apart from the alimentary canal, the gonads, and other organs, the calyx is filled 
with a hyaline, perfectly transparent, gelatinous matrix, throughout which are scattered 
cells similar to those in the inner portions of the stalk. 

Muscle-fibres appear in small groups, most characteristic being the atrial sphincter 
band running around the margin of the lophophore and containing few strands, which 
probably vary in number from about eight to ten. An intestinal sphincter, consisting 
of one or two fibres, lies in the wall of the intestine almost at the point where it and 
the rectum join (fig. 1, sph. int.). A similarly placed sphincter has only been described 
by Davenport in the fresh-water Urnatella gracilis,{ but similar fibres, one or two in 
number, occur in my specimens of Barentsia gracilis and of B. benedeni from Ostend. 
There are also present somatic strands, very few in number, which are attached at one 
end to the anterior basal portion of the calyx, and at the other to the infero-lateral 
portions of the cesophagus. These correspond to the “ Seitenwandmuskel” described 
in Barentsia macropus by Exuturs,t although the latter appear to be shorter, for 
they are attached half way up the calyx. ‘They may also correspond to part of the 

* ROBERTSON, ALICE, op. cit., p. 340. 


t Davenrvort, C. B., “On Urnatella gracilis,’ Bull. Mus. Comp. Zool., vol. xxiv., 1893, p. 11, pl. iii. fig. 18. 
ft Eupers, E., op. cit., p. 64. 
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ventral muscle which occurs in the simple, unjointed Entoproctan, Myosoma spinoswm, 
Robertson. 

The central nerve ganglion is frequently apparent. It lies, as viewed laterally in 
well-developed specimens, between the ovaries, in line almost with their anterior 
margin; the posterior portion being concealed by the ovaries, the anterior free. Seen 
in this direction, it is oval in shape, tending sometimes to have the upper or lower 
surface flattened. Measurements show a variation in size of from 6 height by 
10u length to 134 by 18, but a common size is 9« by 12u. Seen in an antero- 
posterior direction, the ganglion is almost trapezoid, the sides tending to be a little 
concave. In this respect it differs considerably from the elongate, distinctly bilobed 
ganglion found by Harmer in Loxosoma* and by Forrtincer in Pedicellina benedeni,t 
and resembles the structure figured by Forrrincer (op. cit., pl. x. fig. 25) from 
Pedicellina belgica. 


Note on Inving Specimens. 


After sending the first small colony, which was found dead on arrival from Hull, 
Mr THompson succeeded in having living specimens transferred to Edinburgh in 
February 1909. These were kept under observation for a week. ‘The colonies were 
ever active ; a single stalk bent over with a sudden movement, and in so doing struck 
a neighbour ; this caught up and spread the alarm, until the whole colony appeared to 
be a crowd of angry individuals, nodding and colliding, and bending suddenly into loops 
and circles as if they squirmed in pain, then gradually straightening again. The lopho- 
phore and tentacles showed much diversity in expansion. Often all lay widespread and 
taut in a single plane, while in another common resting position the lophophore was 
expanded, while the tentacles, not at full length, rose perpendicularly above the margin, 
their tips curving at the same time a little inwards. Generally the tentacles were 
altogether retracted during the wild bendings of the stalk, but occasionally movement 
would take place, the tentacles remaining expanded the while. A touch with a dissect- 
ing needle did not in most cases produce immediate reaction on the part of an individual. 
That regeneration is frequent is evident by the number of young heads on old shoulders, 
and of headless but living and active stalks. 

For the dimensions of the Hull specimens see table on p. 845. 

Before concluding the descriptive portion of this paper, I must refer to two examples 
of regeneration which occurred, not in the Hull specimens, but in examples of Barentsia 
gracilis. In a specimen from Port Erin (Pl. I. fig. 7), a new calyx was found 
already well developed ere the old head had dropped off—a condition illustrating a 
normal mode of reinvigorating the animal, similar to the periodical shedding of the 
polyps which has been described in genera of Gymnoblastic Hydroids. 

* Harmer, S. F., op. cit., p. 270, pl. xix. fig. 1. 


_ + Forrrinerr, A., “Sur lanatomie des Pédicellines de la céte d’Ostende,” Arch, Biol., vol. vii., 1886, p. 321, 
pl. x. fig. 18. 
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In a specimen from Ostend, a stalk has been truncated evidently some distance from 
the summit, for the chitinous wall is well developed at the point of injury. This specimen 
has regenerated the top fleshy part of an internode, and, surmounting it, a calyx. The 
power of regeneration, therefore, is not confined to certain definite cells at the base 
of the calyx, or at the top of the stalk, but exists at other parts of the stem, and 
is presumably latent in the cells of any part of it. 


Ill. Remarks on RELATED SPECIES. 


The structures which have been described place the Hull specimens within the genus 
Barentsia ; for I shall endeavour to show that the genera Arthropodaria and Gony- 
podama of EuLers, within one of which they would have fallen, ought not to be retained. 
The relationships of four European forms belonging to this genus are here considered : 
Arthropodaria benedeni (Foettinger), Ehlers; Gonypodaria nodosa (Lomas), Ehlers ; 
Pedicellina gracilis, Sars; and Pedicellina belgica, van Beneden. 


(a) The Identity of Pedicellina gracilis, Pedicellina belgica, 
Gonypodaria nodosa (= Barentsia gracilis). 

As the original description of Pedicellina gracilis by Sars is not available to the 
majority of students, I give here a translation of the passage :— 

“The stalks of this species are quite smooth, without spines, and are more slender 
and longer in proportion than those of the foregoing species | Pedicellona echinata]; the 
whole animal is on the contrary less, about 1 line long, and the stalks are of the thick- 
ness of the finest hair. The clubs [calyces] are less oblong than in the foregoing, and 
their extremity is occupied by about twenty uniform tentacles. The stalks are a little 
more slender below than above, but widen close to the proximal end into a short and 
thick cylinder. The stalks are on the whole of firm consistence, except towards the 
clubs and the proximal thick part, where they are more soft. They seem, therefore, to 
bend only at these two places. Upon irritation, therefore, either the uppermost part of 
the stalk bends, together with the club, whereat the animal acquires a nodding appear- 
ance; or the whole stalk bends upon its base, to the side or downwards. This species 
was found upon a conglomerate of Serpula, many gathered in a colony as in the previous 
species. Doubtless this has also similar creeping roots; but I had not the good fortune 
to get any of them disengaged, and they cannot be seen rightly under a magnifying 
glass, owing to the small size of the animal. However, a little process sometimes 
accompanies the proximal end of the stalk, and this is probably a piece of root.” * 

Two figures accompany Sars’ description (pl. i. figs. 2a, 2b). In 2a, the natural 
size of a small colony of three individuals is shown, the stalks being between 1 and 2 mm. 
long. The other figure is a magnified representation of a single individual. It seems 
to me that it represents, not the single-jointed form which has been taken as the type of 


* Sars, M., Beskrivelser og Iagattagelser over nogle maerkelige eller nye i Habet ved den Bergenske Kyst lebende Dyr, 
Bergen, 1835, p. 6. 
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Pedicellina gracilis, but a two-jointed individual ; for in addition to the swelling at the 
base, the proportion of which is similar to that in the figures of Calf of Man specimens in 
this paper (Pl. I. figs. 6 and 7), there is a second slight swelling some distance below the 
calyx. This cannot be explained except as a second muscular expansion. Sars’ figure 
closely resembles especially those specimens which I obtained off the Calf of Man. One 
difference is to be noted—that in Sars’ representation the calyx is placed symmetrically 
on the stem, notwithstanding that the indications of the internal organs seem to show 
that a lateral view is given. Since, however, in his neighbouring figures of Pedicellina 
echinata (especially 1b, 1d, 1e), a similar bilateral symmetry is preserved, in spite of the 
fact that in that species the calyx is “‘ very ventricose on the one side,” little importance 
need be attached to this evident misrepresentation. 

There exists doubt, expressed by van BENEDEN in first describing Pedicellina belgica, 
and later by ForrrincEr, concerning the distinctness of P. gracilis and P. belgica. 
This doubt is increased by consideration of the resemblances of habit exhibited by the 
two forms. In each case, the simple one-jointed type of stem, with a single swelling at 
the base, is the rule. But Hincxs has described a form of P. gracilis in which the stem 
is “very much elongated, and consists of several sections separated by knots or swellings, 
which are also muscular in character.” * This form was given a varietal name by Lomas 
as P. gracilis var. nodosa,t and later was raised to specific grade as Gonypodaria 
nodosa, by Huuers. A similar relationship between simple and jointed individuals 
has been described by HitcEenporF in colonies of Pedicellina gracilis from New 
Zealand.{ 

But an identical relationship between two similar forms occurs in colonies of 
- Pedicellina belgica. The examples I have examined were forwarded to me by Professor 
Forrrincer, from Ostend, the locality where van BENEDEN obtained his type specimens. 
In the colonies before me there occur on the same stolon single unjointed individuals 
typical of the habit of P. belgica or P. gracilis, and individuals with from two to four 
elongated internodes, some of which I am unable to distinguish from P. gracilis var. 
nodosa (Pl. I. fig. 5). Here the two forms are not even distinct “ varieties” of P. belgica ; 
and the observations of Hincxs, Lomas, and HicEnporr, together with this analogy, 
indicate that a similar relationship unites the two forms of Pedicellina gracilis, and con- 
sequently that Gonypodaria nodosa as a distinct species does not exist, and that “ var. 
nodosa” is not a variety in any very significant sense. 

Since this note was written, I have had the good fortune to obtain a few specimens 
of Pedicellina gracilis from the English coast. They were found upon the stem of 
a hydroid, Antennularia ramosa, which had been dredged by Professor W. A. HERpMaN’s 
S.Y. Ladybird in the Irish Sea to the north of the Calf of Man, depth about 10 
fathoms. The specimens are poor in number and in quality. The majority of the 


* Hincxs, T., A History of the British Marine Polyzoa, 1880, p. 570. 

+ Lomas, J., “ Report on the Polyzoa of the L.M.B.C. District,” Proc. Lit. Phil. Soc. Liverpool, No. xl., 1886, 
p 190, pl. iii. fig. 2. 

+ Hincenvorr, Trans, New Zealand Inst., vol. xxx., 1897 (1898), p. 218, pl. xxii, 
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individuals are of the typical, single-jointed form of Pedicellina gracilis, although 
they seem to be rather less than normal examples; but associated with them are a very 
few individuals with stems composed of two internodes—the variety nodosa of Lomas, 
the type specimens of which were obtained from approximately the same neighbour- 
hood. From these it is clear that gracilis and nodosa are one species. 

Further, as to the relationship between P. gracilis and P. belgica :—In some respects 
the figures of the latter species by van BENEDEN are obviously inaccurate. Thus, 
although describing “des cloisons ou diaphragmes au cceur de la tige, qui la divise en 
compartiments distincts,” * he omits to indicate those nodes except in a solitary case, 
and there the position is abnormal. It is not surprising, therefore, to find that no 
nodes are indicated in the stem between the muscular swellings, although such exist. 
Since muscle-strands are confined to the swellings of the stem, the representation and 
description of “des cordons musculaires dans toute la longueur” is faulty, as also is 
the uniformity of thickness which is figured for the cuticle. Allowing for such in- 
accuracies, it is difficult to avoid concluding that Pedicellina gracilis and P. belgica 
are one. The habits of the two are similar, and the only structural differences appear 
to be that the former has “about twenty” tentacles, although GossE counted fifteen, 
and my specimens have fourteen or fifteen, while the latter is said to have only twelve, 
although in the contracted specimens of P. belgica I have examined this number was 
certainly sometimes exceeded. Again, in ForrrincEr’s estimation, the basal expansion 
of the stem in P. gracilis is very long compared with that of P. belgica. But Hrncxs 
observes that in P. gracilis “the basal cylinder varies in length, and in the proportion 
it bears to the rest of the stem,” while in P. belgica there is also a considerable amount 
of variation in these dimensions ; indeed, in the specimens of P. gracilis which I have 
examined, the basal cylinder is less than that of P. belgica. 

It seems to me, then, that no differences sufficient to separate these two species 
exist, and, therefore, that Pedicellina beigica must be merged with P. gracilts. 

Judging from the description and figure of Jut~ien and Catver,{ I can find no 
distinction of specific significance between their Barentsia Berenice from Newfoundland 
and the simple stages of Barentsia gracilis. It seems very probable that any species 
with a basal muscular bulb (musculium) and a rigid chitinous stalk (pediculium) ending 
in a flexible fleshy portion (pedicellium)—such a type being known as Barentsxa—can 
generate from the last portion a new segment, and so come within the sweep of EHLERS’ 
genus Gonypodaria. The closeness and the apparent normality of the relationship 
between the uni- and poly-jointed individuals render superfluous the latter genus, 
which falls within the signification of Barentsia.§ 


* Van Bunepen, “ Recherches sur l’anatomie, la physiologie et le développement des Bryozoaires, qui habitent 
la céte d’Ostende,” Nowy. Mém. Acad. Roy. Brucelles, t. xix., 1845, p. 24. 

+ Gossn, P. H., A Naturalists Rambles on the Devonshire Coast, London, 1853, p. 217. 

{ J. Junin and L, Canver, “ Bryozoaires provenant des campagnes de I’ Hirondelle” (1886-1888), in Rés. camp. 
sci. Albert I. Monaco, fase. xxiii. p. 26, pl. ii. fig, 2. 

§ See also Waters, A. W., in Rés. Voy. S.Y. Belgica: Zoologie, “ Bryozoa,” Anvers, 1904, p- 100, 
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I therefore refer Pedicellina gracilis, P. belgica, and Gonypodaria nodosa to 
Barentsia gracilis (Sars).* 


(b) Barentsia gracilis and Pedicellina (Arthropodaria) benedena. 


Comparison of the stem internodes of the multi-jointed forms of these species show 
that their structures are identical in essential character. And yet from the characters 
of the internodes HuLers has distinguished between the genera Gonypodaria and 
Arthropodaria, the former being “ Zoarium stolonum filiformium internodiis alternis 
prolatum phalangariis merosarcinis calyces gerens,” the latter being defined as “‘ Zoarium 
stolonum filiformium internodiis alternis prolatum, phalangariis articulatis holosarcinis 
’ internodes are defined thus: “Bei ihr ist die 
Phalange aus einer basalen dickeren, muskulésen und nachgiebigeren, und einer stets 
muskelfreien, derbwandigeren diinneren Strecke zusammengesetzt; solche Phalangen 


? 


ealyces gerens.” The “ merosarcin’ 


nenne ich wegen der Beschrinkung der muskulatur merosarcin” ; while ‘“ holosarcin’ 
internodes differ in consisting of “der aufrechten Strecke eines mehraxigen Basalgliedes, 
welche in ihrer ganzen Linge gleichférmig ist, und zwar dadurch, dass eine wandstindige 
Muskelschicht unter einen weicheren, meist ringformig geriinzelten Cuticula liegt.” + 
Yet Exnuers makes reservations on behalf of Arthropodama: ‘“ Urnatella und Arthro- 
podaria nehmen eine Zwischenstellung ein [between the completely holosarcin and 
completely mesosarcin groups], insofern der Muskelmantel in den gleichmassig dicken 
Stengelgliedern nicht deren ganze Linge erfiillt.”{ And again: “Die Glieder der 
mehrgliedern Traiger sind bei Arthropodaria benedeni zwar gleichmissig dick, lassen 
im tibrigen aber eine muskuldse und eine muskelfreie Strecke unterschieden, von 
welcher die letztere durch festere Chitinisirung der Wand die erstere iibertrifft. . . . Ich 
bezeichne diese Glieder, wiewohl es nicht ganz zutreffend ist, noch als holosarcin. 
Phalangarien mit merosarcinen Gliedern besitzt die Gattung Gonypodaria.” § 

These reservations, it seems to me, almost nullify the distinctions between 
Arthropodaria and Gonypodaria. So far as the type species of these two genera are 
concerned, (ronypodaria nodosa (equivalent to the jointed specimens of Barentsia 
gracilis) and Arthropodaria benedenz, the essential generic distinctions of Haters do 
not exist, for in each case the muscle-strands are confined to the thin-walled expansions 
of the stem, and only connective tissue passes from internode to internode, as in the 
Hull specimens described above. It is evident that there is a greater perfection of 
finish in the internodes of Arthropodaria benedeni, for they are more constant in dimen- 
sions, and their chitinous cuticle and nodes are more strongly developed ; but “il s’agit 
uniquement de l’exagération dune particularité existant chez Pedicellina belgica” 
(FoETTINGER, op. cit., p. 301), and can scarcely be regarded as of more than specific im- 
portance. And if, indeed, it is not sufficient for the suppression of Arthropodama that 
its generic characters are essentially identical with those of Gonypodaria, then the fact 


* The mistake of ascribing Pedicellina belgica to P. cernua, in JELLY’s Synonymic Cat. of Recent Marine Bryozoa, 
London, 1889, p. 202, is obvious. 

+ EXLERS, op. cit., p. 43. t Ibid., p. 146. § Ibid., p. 44. 
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that in the Hull colonies specimens are to be found with sometimes the dumpy uniform 
internodes of an “‘ Arthropodaria,” and at other times the lengthy attenuated internodes 
of a “ Gonypodaria,’ must be taken to show that the generic distinction drawn by 
Euuers cannot be a valid one. Indeed, the genus Arthropodaria as defined by EnLErRs 
does not exist, so far as is known, but falls within the genus Gonypodama of the same 
author, which is included in Barentsia. Arthropodaria benedeni then becomes Barentsia 
benedeni (Foettinger). 

I agree with Forrrincer as to the apartness of Barentsia gracilis and B. 
benedeni. The most apparent distinction between them lies in the stem, which in the 
latter is normally jomted, being formed of up to eight regular, uniform internodes in 
which an approximately constant proportion exists between the sizes of the muscular 
and non-muscular portions. Since the former exceed the latter in length, the stem has 
a great power of movement. In B. gracilis, on the other hand, the simple stem, 
with only a basal muscular swelling (‘“‘musculium” of JuLLiEN and Catver) is the 
normal individual, while in jointed examples the internodes never exceed four in 
number, and are very irregular in size and shape, no definite relationship existing 
between the sizes of the muscular and non-muscular portions, except that the latter 
always exceed the former in length. Through the exaggeration of the rigid portions, 
the mobility of the stems of B. gracilis is obviously greatly reduced. A difference 
in robustness also exists, for the cuticle of the rigid portion is much more strongly 
developed in B. benedeni, as also is that of the nodal septum, which in B. gracilis 
forms only a very insignificant annular ridge within the stem. In B. benedeni there 
arise from the internodes buds which develop into accessory stems; such internodal 
budding appears not to oceur in B. gracils. 

Forrtincer and Loppens* also lay stress upon the distinction that in B. belgica 


) 


a ‘‘collerette” surrounds the tentacles, but that in B. benedeni no such structure 
exists. | am of opinion that this distinction is non-existent. The structure which 
oceurs in B. belgica, as in the Hull specimens, is not a “collerette” in the sense of 
bemg anything different from the free margin of the calyx. It consists of a thin 
transparent membrane which is bordered by the atrial sphincter band of muscles, and 
from the margin of which the tentacles arise. ‘This membrane, however, does not 
surround the tentacles as a separate sheath, as vaN BENEDEN states (op. cit., p. 24), 
nor are the tentacles situated along its inner surface; for they arise from its margin, 
although rows of flattened cells continue the line of the tentacles on the delicate 
wall of the calyx, and might suggest that the tentacles as distinct cylindrical bodies 
were continued there (see Pl. I. fig. 2). 

Van Brenepen’s description and figures prove that this so-called “collerette” exists 
in his Pedicellina belgica; my own observations show it to be present in the Hull 
specimens, and although my specimens of B. benedeni are contracted, 1 am convinced, 


* K. Lopprns, “Bryozoaires marins et fluviatiles de la Belgique,” Ann. Soc. Roy. Zool. Malac, Belgique, 
vol. xli., 1906 (1907), p. 300, 
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from careful examination of many calyces, that the same transparent, membranaceous, 
muscle-bordered termination of the wall of the calyx occurs in this species also. 


“(c) Dimensions of Species and Forms considered. 


Stalk, length . 


Hull 


Rare a Barentsia Barentsia Barentsia 

P : benedeni from | gracilis from |belgica=gracilis 
(Barentsia 

benedont) Ostend. Calf of Man. from Ostend. 


14, rarely 2 mm. 


up to 3 mm. 


about 1 mm. 


up to 14 mm, 
usually smaller { 


5 i of internodes, 0-28 -0°64 ,, | 0°25 -0°39 mm.| 0°36 -0°43 mm.| 0°31 -0°84 mm. 

< o of muscular expansion | 0°14 -0°36 ,, | 0°25 -0°32 ,, | 0:075-0:135 ,, | 0:12 -0°24T ,, 

», diameter of muscular expansion | 0°09 -0°15 ,, | 0:08 -0°12 ,, | 0:054-0:060 ,, | 0°05 -0°127 ,, 

- " of rigid portions 0:033-0:066 ,, | 0°045-0:057 ,, | 0:016-0-030 ,, | 0:024-0-036 ,, 
Calyx, diameter of lophophore . 0°22 -0°27 ,, q 1 q 

» length of tentacles 5 | Oris Only t q q 

- 5,  toedgeoflophophore ./ 0°14 -0°'15 ,, | 0:23 -0°52_ ,, | 0:165-0:210 ,, | 0:19 -0°31 ,, 

», diameter of body . 0710 -O'll ,, | 0°19 -0-46 ,, | 0°159-0:180 ,, | 0°14 -0°24 ,, 
Thickness of chitin in stem 25 —4p 45 -Tp 2 2:5, —2y 


15 


The dimensions of the parts of the calyx were measured on living specimens. 
Basal expansion. 
Height 4 mm. according to LopPEns (op. cit., p. 300). 


+++ 


(d) Table of Synonyms. 
Synonymy of Barentsia gracilis (Sars). 

Pedicellina gracilis, Sars, Beskr. og Iattag., 1835, p. 6, pl. i. fig. 2a, b. Jd., JoHNSTONE, 
British Zoophytes, 2nd ed., 1849, p. 385. Jd., Hinoxs, Ann. Nat. Hist., ser. 2, 
vol. vill. p. 360, pl. xiv. fig. 9. Jd., Hincxs, British Marine Polyzoa, 1880, p. 570, 
pl. Ixxxi. figs. 4-6. Jd., Hincenporr, Trans. N. Zealand Inst. (N.S8.), vol. xxx., 
1898, p. 218, pl. xxii. figs. 1, la, 1b; and others. 

var. nodosa, Lomas, Proc. Lit. Phil. Soc. Liverpool, No. xl., 1886, p. 190, pl. iii. 

fig. 2. 

Forbesia gracilis, Goopsir, Ann. Nat. Hist., vol. xv., 1845, p. 380, pl. xx. fig. 4. 

Pedicellina belgica, vaN BeNEDEN, Nouv. Mém. Acad. Roy. Belgique, t. xix., 1845, 
p. 28, pl. i, u. Jd., Forrrincrr, Arch. Biol., t. vii., 1886, p. 299 et seq., pl. x. 
figs. 8, 16, 238, 25. Jd., Lopprns, Ann. Soc. Roy. Zool. Malac. Belgique, t. xlz, 
No. 8, 1906, p. 300. 

Ascopodaria gracilis, BusK, Challenger Rep. : Zool., vol xvii., Polyzoa, p. 42; EHLERs, 
Abh. Kén. Ges. Wissens. Gottingen, Bd. xxxvi., 1890, p. 142. 

Ascopodaria belgica, EHLERS, ibid., p. 143. 

Gonypodaria nodosa, EHLERS, ibid., p. 144. 

Barentsia gracilis, HaRMER, Cambridge Nat. Hist., 1896, p. 488, footnote. 

Barentsia nodosa, HARMER, loc. cit. 
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Synonymy of Barentsia benedeni (Foettinger). 


Pedicellina benedeni, FortrincEr, Arch. Biol., vol. vii., 1886, p. 301 et seq., pl. x. 
figs. 1-7, 9-15, 17-22. Jd., LoppEns, Ann. Soc. Roy. Zool. Malac. Belgique, t. xli., 
No. 3, 1906, p. 300. 

Arthropodaria benedem, Huiers, Abh. Kon. Ges. Wissens. Gottingen, Bd. xxxvi., 
1890, p. 144. 


IV. Systematic RELATIONSHIPS OF THE HULL SPECIMENS. 


The Hull specimens seem to take a place intermediate between that of Barentsoa 
benedeni and B. gracilis. In general appearance the greater agreement is with 
the former, for the Hull specimens possess a robustness of build which is lacking in 
B. gracilis; the proportions of the parts of the stem, and in especial the perfect 
differentiation of the internodes into rigid and definite flexile sections, are very similar 
in both, while in each buds may arise from the internodes. But between B. 
benedent and the Hull specimens there are numerous differences, the values of which 
as indications of specificity are difficult to estimate in the absence of information 
regarding the variation of such forms. The calyx of the Hull specimens is generally 
very much smaller; the number of tentacles is fewer, and these are colourless instead 
of reddish-brown ; the brain is trapezoid instead of biscuit-shaped in transverse section. 

There is greater similarity between the Hull calyx and that of B. gracilis, for, - 
although the size of the former is less even than that of the latter, the characters 
mentioned above agree in both. On the other hand, the differences in the robustness 
of the stem, in the development, definiteness, and finish of the parts of the internodes, 
are very evident. In B. gracilis, both in the English and Belgian specimens, the 
rigid, chitinous portion of an internode bends outwards here and there in the form of 
a very small papilla, sometimes perforated by a minute pore. The presence of similar 
pores has been described in Barentsia (Ascopodaria) macropus by EHLERS (op. cit., 
p. 34 et seq., pl. ii. fig. 24), and in Barentsia (Gonypodaria) ramosa by Miss Ropertson. 
They do not occur in Barentsia benedeni, nor are they present in the Hull specimens. 

From both species the Hull specimens differ in lacking any trace of the oval 
ageregates of granules which form a characteristic feature of the muscular expansions of 
the internodes of B. benedeni, and which also appear, though less prominently, in the 
stems of B. gracilis. The oval granular masses are confined to the central portion of 
the muscular expansions, but differ greatly in numbers in the various internodes. In 
B. benedeni, they are absent from the two distal internodes, and appear in the third, 
few in number, and arranged in a hollow cylinder lining the interior of the muscle 
layer. In internodes further from the calyx the number increases, until, in those 
towards the base of the stem, the centre of the muscular expansion is filled with a 
dense, closely packed mass, which, under low magnification, produces the appearance of 
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fine granulation. In B. gracilis, the oval masses of granules are smaller in size and 
fewer in number, and they are confined to the basal muscular expansion of the stem. 
The nature of the granular masses is unknown. They may be reserve stores of food- 
material such as occur in the fresh-water polyzoon Urnatella gracilis Leidy*; and 
were this the case, their appearance would probably be of little specific value, indicating 
seasonal condition rather than distinction of form. 

Perplexed by these resemblances and dissimilarities, | hesitate in attributing the 
Hull specimens to any known species. Yet the distinctive characters are not sufficient 
in intensity, nor is their value sufficiently ascertained, to mark the specimens as 
belonging to a new species; and I therefore range them with Buarentsia benedeni, 
which has hitherto been recorded only from Ostend. 


V. SUMMARY. 


1. Specimens of a jointed-stemmed Entoproctan Polyzoon from Hull have been 
described as belonging to Barentsia benedenr (Foettinger). The salient characters of 
the specimens are :—Stem composed of up to 8 well-defined, robust internodes (3 or 4 
being most common), from which buds may arise; no pores in chitinous portions of 
internodes ; no granular masses in internodes ; calyx relatively small, with transparent, 
colourless walls; tentacles 10 to 14, colourless; brain trapezoid in transverse section. 

2. Consideration of the variations of this and of related species leads to the 
conclusions that :— 

(a) Arthropodaria, Ehlers, is synonymous with paeapooen va, Ehlers, and both are 
included in Barentsia. 

(b) Gonypodaria nodosa (Lomas) is synonymous with Barentsia gracilis. 

(c) Pedicellina belgica, van Beneden, is synonymous with Barentsia gracilis. 

(d) Barentsia benedeni (Foettinger) and B. gracilis (Sars) are distinct. 


EXPLANATION OF PLATE. 


a., anus. 
a.sn., accessory stolon budding from stalk. 
ab.n., abnormally placed node. 

brs, central nerve ganglion or “brain.” 

Cay old calyx about to be cast off. 

Cx, new and incompletely regenerated calyx. 
ch., rigid chitinous portion of internode. 

d., diaphragm of compressed cells. 

du., extraneous diatoms. 

dil., dilatation of internode. 

é., ectoderm. 

é.T., ectodermal ring of node-forming cells. 
g-p.. growing point of stolon. 


* Davenport, C. B., “On Urnatellu grucilis,” Bull. Mus. Comp. Zool. Harvard, vol. xxiv., 1893, p. 8. 
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gr. granular masses. 
ant., intestine. 

juvr., young individual. 
l.m., longitudinal muscles. 


M., mouth. 

med., medullary protoplasm. 
Ny node. 

@., cesophagus. 

ov., ovary. 


Ps papilla, often perforated. 
p-m., partition node, between bud and primary individual. 
pr.t., primary individual. 

tite rectum. 

rep., reproductive organs. 

sec.t., secondary budded individual. 
Sn., stolon. 

sn.i.,  stolon polypiferous internode. 
som.m., somatic muscle. 

sph.int., sphincter muscle of intestine. 
sph.m., sphincter muscle of atrium. 
st., stomach, 

tes testes. 


Note.—The transverse markings on the internodes are wrinkles in the cuticle. 
‘ 


Fig. 1. Barentsia benedeni, with extended calyx viewed laterally, from Hull. x 140. 

Fig. 2. Barentsia benedeni, with extended calyx viewed from above, from Hull. x 140. 

Fig. 3. Barentsia benedeni, calyx contracted, from Ostend (specimen received from Professor A. 
ForrrincEer). x 140. 

Fig. 4. Barentsia benedeni, Hull specimen: budding of secondary individual from internode of stalk. 
x 140. 

Fig. 5. Barentsia gracilis, from Ostend: jointed and simple individuals (specimens received from 
Professor ForTTiInGER as typical examples of Pedicellina belgica, van Beneden, from the locality where 
the type specimens were obtained). x 140. 

Fig. 6. Barentsia gracilis, simple individual, from off Calf of Man. x 140, 

Fig. 7. Barentsia gracilis, jointed individual, from off Calf of Man. x 140. 
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XXVIII.—An Investigation into the Effects of Errors in Surveying. By Henry 
Briggs, B.Sc., A.R.S.M. Communicated by Principal A. P. Laurin. 


(MS. received January 7, 1911. Read February 6, 1911. Issued separately April 18, 1911.) 


This paper discusses the effects of errors in linear and angular measurements on the 
accuracy of surveys. 

It is necessary to state at the outset that, as the investigation is based on the theory 
of probability, the conclusions drawn are only advanced in the hope that they will serve 
as guides in practical surveying, and must not be taken as of rigid precision. Perhaps it 
is superfluous to state that there is no method of determining beforehand the error which 
will accumulate in any survey ; the utmost that can be done is to assign some mean value 
to the error which will serve as a useful criterion to which actual errors can be referred. 

In dealing with probability far more difficulty is encountered in laying down trust- 
worthy premises than in building mathematical structures upon them, and it would 
seem that the most satisfactory method of testing whether the premises are sound is to 
compare one’s results as often as possible with those derived from experience. At 
several points the results in this paper have been so tested, and indeed some of them 
have turned out to be nothing else than algebraic representations of facts which have 
long been known in a general and more or less shadowy way to surveyors. In the last 
section of the paper the practical bearing of the results is emphasised, partly to show to 
what extent they conform with empirical conclusions. 


The Average Error. 


As it is impossible to deal with actual errors in a general investigation, choice has to 
be made of some form of mean error as a representative value. The average error, or 
average deviation as it would better be called, is selected for the purpose, firstly, because 
it is the standard of comparison most serviceable in a discussion of the relative accuracy 
of different results and processes; secondly, because it is more readily determined in 
practice than either the probable error or the mean-square error, and also because it is 
more easily understood by those unfamiliar with the theory of errors. 

The average error in a series of equally trustworthy measurements of the same thing, 
whether a length or an angle, is defined as the arithmetical mean of the separate errors, 
taken either all with positive or all with negative signs.* 


* To write the plus-or-minus sign before average errors, as is done throughout the paper, is unorthodox. An 
average error is usually defined as the arithmetical mean of the separate errors taken regardless of their signs, and is 


> —WV . 
expressed in books as GEO) is, however, equally logical to express it as Zl 7] s ) and hence it. appears to have the 
n 


same right to the double sign as, say, the probable error. Moreover, to give an average error the positive sign only, 

and then to apply the usual theory of errors to it (as is generally done) seems to the writer inconsistent, since there is, 

in such an application, a tacit admission that the error is minus as often as plus : 
TRANS. ROY. SOC. EDIN., VOL. XLVII, PART IV. (NO. 28). 129 


850 


MR HENRY BRIGGS ON 


The paper is divided into six sections, thus :— 

Section I. The Sum of Vector Errors ; 

Section II. The Average Error due to Imperfect Centring ; 

Section I1I. The Relative Effects of Errors in Centring and those of Sighting and 


Reading ; 


Section IV. The Propagation of Errors in Traversing ; 
Section V. The Propagation of Errors in Minor Triangulation ; and 
Section VI. A Summary of Results. 


Notation. 


The following notation is employed, all errors having the plus-or-minus sign :— 


V5 Lo. 
ite 


Vv. 


5 IT a gh 
Blt. 4 Ra 
S. 


n° 


By By Bs» - Bee 
By Bios B', i es Br 


i ale he Pisa 


n* 


TGA ln a ed 
W. 


k. 

k, and ky. 

Ae BO See oars 
GRO Creare 


Te ose ee 


Vector errors. 

The sum of two or more vector errors. 

The average error, due to sighting and reading, in an angle measured by the 
theodolite ; expressed in radians, unless otherwise stated. 

The average error in a bearing taken with a compass-instrument; expressed in 
radians, unless otherwise stated. 

The displacement in centre due to the imperfect setting of a theodolite over a 
station ; expressed in feet, unless otherwise stated. 

Traverse angles. 

Average errors affecting traverse angles. 

The angle which is actually measured (in place of 7) when the theodolite is 
displaced in centre by an amount 7. 

The bearings of traverse lines. 

The average errors in the bearings of traverse lines. 

The lengths of traverse lines, in feet. 

The average errors in the lengths of traverse lines. 

The total length of a traverse. 

A coefficient, equal to 7+ /Z. 

Values of & for the chain and steel-band respectively. 

Triangulation angles. 

The lengths of the sides of triangles, being respectively. opposite A, B,C... . 
The base of the scheme is the line ce. 


Average errors in the sides a, b, c, . . . . respectively. 


Average fractional errors in the triangulation lines. 


A check-base of a triangulation scheme. 

The calculated and measured lengths of a check-base respectively. 

The average error in z, and zg respectively. 

The average value of the difference of z, and Zp. 

The number of triangles in a triangulation scheme. 

Triangulation stations. 

The distance of a triangulation station, NV, from station 1, the origin of the survey. 


Section I. THe Sum or Vector ERRors. 


Theovem.—The average error in the position of a point influenced by two or more 
vector errors is equal to the square root of the sum of the squares of the average 
magnitudes of the vector errors, and is independent of their relative clinures, 


re 
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Let the position of the point A, fig. 1, be affected by independent vector errors, 
whose average magnitudes are respectively --a,, and +a,, and let a be the angle 
between their respective directions of action. 

The diagram shows that the square of the sum of these errors is either 

R? =a} + x3 + 2aa, cos a 
or 

R’ =a + 43 — 22,2 cos a, 
Therefore, if we were to examine a considerable number of results, all affected by these 
vector errors, we should find that the mean value of FR? came very nearly equal to a} +3, 
since the terms in cos a, being as often negative as positive, would only influence such 
a mean to an extent negligible in comparison with that of the other two terms. Hence 
we may write— 

R= + ,/(aj+2) d . al) 

More than two vector errors can be similarly treated, and it is immaterial to the 

result whether their directions lie in the same plane or not. 


The theorem is a generalisation of the well-known principle to the effect that the 
average error of the sum of a number of observations is equal to the square-root of the 
sum of the squares of the average errors of each observation; and it facilitates very 
considerably the following discussion of the propagation of errors in surveying. 


Section II. THe Average Error DUE TO IMPERFECT CENTRING. 


If a displacement, 7, be made in centring a theodolite over a traverse-station, the 
instrument will actually be centred over some point on the circumference of a circle 
whose radius is r. Let this small circle be represented by that in fig. 2, its centre being 
O. Let P, and P,, the two traverse-stations adjacent to O, be respectively at distances 
L, and L, from it; and let N be any point on the circumference of the circle. 

Then, if the instrument is actually centred over NV, the angle P, NP, (or S) will be 
measured in place of the angle P,OP, (or 7); the angular error due to imperfect 
centring will therefore be (S—T). The error has a plus sign for such a point as 
N and a minus sign for such a point as Z; therefore there are two points on the 
circle, namely # and Ff’, at which the angular error is zero. The latter points lie on 
the circumference of a circle passing through P,, O, and P,, whose radius must always 
be very large even when the stations P, and P, are close together; hence the points # 
and F may be considered as occupying exactly opposite positions on the circle VF'ZE.. 
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An inspection of the figure shows that 
Se ce eee ee > on 


Draw Ow bisecting the angle 7. The position of the point NV is conveniently referred 
to the line Oa. Let the angle aON be =. 


Fig, 2. 


Then, OM and OQ being drawn at right angles to P,N and P,N respectively, we 


have: 
. OM Gee (a+ +2) 
=> — + sin. aweAG 
1 if L, 1 5) 


or, since a, 1s always very small, 
pert Tt. 
ote sin 6 r). 
Spor 8 
a a sin (5 -2), 
; dt r ut 
S-T)=- si Ge aes in Ce ) : Es 2 3 
( )=z sin (ote) tz, sin (g-# (3) 


The equation is quite general for all positions of N on the circle. At # or F, 
(S—T)=0,; therefore at either of these points : ‘ 


In like manner, 


Therefore 


ee. AU a 
Tess (g+%)= ale sin G-). 
or 


See 1s) T | 
tan 2%) = (i ae tan 5 ; : . ‘ (4) 
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Hence, when x is less than 2, or greater than (180°+.,), the error (S— 7) will have 
a positive sign, while for all values between x, and (180°+2,) it will have a. negative 
one. 


Dealing firstly with the semicircle HN, consider the point N as successively 
occupying a large number of equidistant positions on the circumference of the semicircle, 


the angular interval between each being dz. There will be - of these positions, and, 


by means of (3), the angular error can be ascertained for each of them. 
The average angular error over the semicircle will therefore be : 


tan” [ (PtH) tan = 
Nite =a 2 


or, proceeding to the limit : 


tan [ (242) tan >| 


pat =e 
Average angular error over \ _ 1 { sin GG + n) sin G - 7) ae 
the semicircle ENF — = + = i 
L, wT, 
a-+-tan (242) tan 5] 
2r 

Bae = a ee ; , : : 5 
ae (Li +12+ 2,1, cos T) (5) 


The same integration-process determines the error over the semicircle KZF’, the 
limits being, however, reversed; therefore the result is the same as (5), but with a 
negative sign. Hence the average error over the whole circle may be written— 


As 6 
a displacement, 1, in centre Ee i i 6, LL, 7 


The average angular error due to \ Lylis 2r ( (ele 2icos = 
Pane 
Thus, fora given value of 7, the average angular error is a maximum when the 


traverse angle is 180°, and a minimum when the traverse angle is zero. 


Section III. THe Retative Errecrs or ERRokS IN CENTRING AND THOSE OF 
SIGHTING, READING, ETC. 


Assuming that a theodolite in good adjustment is employed, and that a method of 
measuring angles is used by which the effects of the main instrumental errors are 
reduced to negligible proportions, an angular measurement will be affected with errors 
of sighting and reading the instrument, and also with other minor, and more or less 
obscure errors—quite apart from that due to centring discussed in Section II]. With 
the exception of that of sighting, these errors are independent of the lengths of the lines, 
and can therefore be taken as having a constant average value. 

The error of sighting is more difficult of treatment. It is very certain that the 
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average sighting error over an exceptionally short line, say one 15 feet in length, is 
greater than for one of average length, say 200 feet; yet, on the other hand, there 
would not seem to be any sensible difference in accuracy of sighting as between 
lines, say, 200 and 400 feet long. Moreover, atmospheric unsteadiness and haze, 
which interfere to a greater extent with long lines, tend to nullify the increase 
im precision resulting from the finer definition of an object sighted at the ex- 
tremity of a long draft, and will indeed outweigh it under certain atmospheric 
conditions. It would therefore be incorrect to assume that sighting errors shrink 
as the lines increase in length, and we shall approximate closely to the truth if we 
take this class of error as having a constant average value for all lines except the 
very shortest. 

Let the average value of the combined errors of sighting, reading, etc., be 
rv radians. 


Average Error in Traverse Angles. 


Leaving exceptionally short lines out of consideration, the error, ¢, in a traverse 
angle, 7, is thus compounded of a constant component, v, and a variable component, 
namely the error due to imperfect centring. 

Combining these, we have : 


a oo oleh te eel cos 7 
tees/ {or Flat ta) | A ae 


The values of v and 7 vary greatly with . different observers and instruments. 
To a surveyor it is not of the first importance to obtain results in which general 
average values of these quantities are assumed; in order to make fullest use of 
equation (7)—or, indeed, of any relation in this paper,—it is necessary that -he 
should determine, as nearly as possible, his own average errors using his own 
instruments. 

Experience in triangulation will be the best guide as to the magnitude of the sighting- 
and-reading error, v,—for a triangulation line (as will shortly be shown) is almost always 
so long that the angular effect of a small centring displacement is negligible; hence, in 
measuring a triangulation angle, the second term on the right-hand side of (7) disappears, 
leaving v as the error in angle. 

If, after considerable experience in minor triangulation, using, say, a reliable 5- 
inch transit theodolite, and employing three reiterations on each “face” in measuring 
the angles, it were found that the average error of summation of the three angles of a 
triangle was 12 seconds, the average error in each angle could be taken as 12+ /3, or 


7 seconds. Now, in traversing it is not usual, or necessary, to employ the “reitera- 


’ 


tion” method of measuring angles, a traverse angle being more generally determined 
by averaging a single face-left and a single face-right observation ; therefore, having 


assumed three reiterations were used in triangulation, the value of v for a traverse 
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12 = ‘ 
angle so measured would bee x /3, or 12 seconds, for the particular observer and 


instrument. 

Nor, if the surveyor carefully examine his own practice, is the displacement 7 difficult 
to ascertain—at any rate approximately. Thus, if he were in the habit, in ordinary 
traversing, of centring to within a quarter of an inch, he would disallow all displace- 
ments greater than that amount, but accept, as being sufficiently near, any of a smaller 
magnitude. Now, if it were true that there was an equal likelihood of the occurrence 
of any deviation from centre between zero and a quarter of an inch, the average 
deviation would be one-eighth of an inch ; yet, if the actual method of centring be borne 
in mind—in which the instrument is moved until the point of the plumb-bob comes 
within an imaginary circle, in this case a quarter of an inch in radius—it will be evident 
that there is a greater chance of displacements approaching the maximum than of those 
approaching zero. Probably by taking three-quarters (rather than half) of the maxi- 
mum deviation a value for r will be obtained approximating closely to the true average. 
In the present example this would give three-sixteenths of an inch as the average 1. 

Having determined, by the methods outlined, his own average centring displace- 
ment, 7, and sighting-and-reading error, v, the surveyor can make use of relation (7) to 
ascertain whether he is justified in neglecting errors of these magnitudes in the case of 
any traverse angle he may select. 

The relative effects of v and r are best shown by means of curves, and this process 
of analysis is perhaps most clearly elucidated by plotting curves for specific values of 
v and vr. In selecting three-sixteenths of an,inch, or 0°016 foot, as a suitable average 
amount for 7, the writer believes himself safe from the accusation of having assumed 
a degree of precision in centring beyond that secured in ordinary practice; while 12 
seconds probably approximates closely to a general average value of wv for traversing, 
when a reliable 5-inch theodolite is used, and when the angle is obtained by taking the 
mean of single face-left and face-right observations. 

The curves of fig. 3 are constructed from relation (7), making use of these values of 
v and 7, and taking the lines enclosing the traverse angles as being of equal length, 
z.e. L,=L,. Curve A is plotted for a traverse angle of 180°, B for one of 120°, and 
C for one of 60°, while the straight line D is for a traverse angle of 0°. 

These graphs, besides illustrating the decrease in importance of centring displace- 
ments as the traverse angle becomes smaller, also show that while the centring error 
has a preponderant influence when the lines are short, its effect rapidly diminishes as 
they become longer. 

The necessity of close centring on short lines is generally admitted, and in 
emphasising this fact, especially for traverse angles approaching 180°, lies the chief 
practical value of these curves. They illustrate, for example, that with a traverse 
angle of about 180°, and lines of less than 100 feet, nothing will be gained in accuracy 
by an endeavour to reduce the average sighting-and-reading error, so long as the 
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average centring displacement remains 53; inch, and that greater precision can only 
be attained by closer centring. 


AVERACE ERROR /N TRAVERSE ANGLE /N SECONDS 


500 FT- 
LENGTH OF TRAVERSE LINES 
Fic. 3. 


In relation (7), when either v, or the average angular error due to centring becomes 
equal to or less than one-third of the other, it may be considered negligible, so far as 
its effect on ¢ is concerned.* 


* Compare with 8, J, Honman’s Discussion of the Precision of Measurements, New York, 1901, second edition, p. 69, 
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If this criterion of negligibility be first applied to determine for what length of 
traverse line, L, a sighting-and-reading error of 12 seconds (5°8 x 10~° rads.) may 
be neglected when 7 =0'016 foot, and 7’'=180°, we have: 


giving L < 114 feet as the result we require. A further justification, or, properly, 
an excellent excuse, may here be deduced for taking v as constant for all values 
of L, or, in other words, for drawing D, fig. 3, as a straight line; for though »v, 
strictly speaking, must increase to some extent as LZ becomes shorter than 100 feet, 
it cannot do so at the same rate that the curve shows the centring error to increase. 
Even if v were to become 60 seconds for traverse lines 24 feet long, or five times the 
amount selected in constructing the curves, it would nevertheless be almost negligible 
under the above criterion when 7=0'016 foot and 7=180°. It would therefore 
be of no immediate consequence to determine—were it possible—the rate of increase 
of v as the lines become very short, since the increase can have very little, if any, 
sensible effect. 

The same criterion also allows of a test being applied on the legitimacy of the 
assumption, already made, to the effect that triangulation lines are usually of such a 
length that a small centring displacement has no tangible influence. An average 


: : ; : 12 
sighting-and-reading error of 12 seconds will be reduced to Je or 7 seconds, by three 


reiterations. Consider the case of two sides of a triangle of equal length, L, embracing 
an angle of about 60°. If r=0-016 foot, LZ will be such that the average angular 
centring error is equal to or less than one-third of 7 seconds (expressed in radians) when 
L > about 900 feet. As the sides of the main triangles in a minor triangulation 
scheme generally exceed 300 yards in length, and, moreover, since it is usual— 
though evidently not strictly necessary—to centre with greater care in triangulation 
than in traversing, we may safely conclude that centring errors in triangulation are 
negligible in their effects when compared with those we have termed sighting-and- 
reading errors. 

Therefore we are justified in assuming, as we shall do when discussing the influence 
of errors in triangulation, that the average error in each of the angles of a triangle is of 
the same magnitude, being, in point of fact, equal to v, the sighting-and-reading error. 


Section [V. THE PropaGaTION oF ERRORS IN T'RAVERSING. 


Two classes of errors have to be taken into account in determining the average error 
at the end of a traverse consisting of several lines—namely, errors in bearing, and 
errors in linear measurement. Before it is possible to deduce expressions compounding 


these errors, it is first necessary to consider them separately :— 
TRANS. ROY. SOC. EDIN., VOL. XLVII. PART IV. (NO. 28). 126 
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(1) Errors of Bearing. 


(a) In Simple Compass Trraverses.—When some form of compass instrument, 
such as the miner’s dial or the prismatic compass, is used as the means of measuring 
bearings, and the needle is read to obtain them, the magnetic bearing of any line is 
ascertained independently of that of any other. A further simplification results from 
the absence of centring error, since, in this simplest of all traversing methods, the 
instrument is set, not at every station, but at alternate stations. It therefore follows 
that if t-w be the average error made in obtaining the bearing of a line, the bearing of 
all lines of the traverse can be considered as being affected alike by this average deviation 
u. One exception to this statement, however, needs to be noted, and this is, that in a 
traverse in which some of the lines are exceptionally short, the average error in bearing 
of the very short lines is likely to be greater than that of ordinary sights. 

(b) In Theodolite Traverses.—In ordinary theodolite traverses, where the instrument 
is set at every station, and in which angles are measured, the precision attained in the 
bearing of any line is dependent on that of the preceding line; hence, on the average, 
the error in the bearing of the nth line is greater than that of any of the lines behind 
it, being indeed, compounded of the errors in all the lines preceding it. 

Consider the case of a theodolite traverse of n lines, of which the first has a known 
bearing, 8,;. In practice 8, is determined in a variety of ways; it may be a true bearing 
or a magnetic, or an arbitrary one. Only when the first line of the traverse is used as 
“false meridian ” will the initial bearing—in this case zero—be affected by no error. 
in all other cases it will be influenced by an error of greater or lesser magnitude. 
Although sometimes difficult to assess, this initial error is always easy to apply, since 
it will swing the survey as a whole, about the first point as pivot, either to the one side 
or to the other. Hence, if we term «x, the average amount by which the end-point of 
the traverse is swung by the initial error in 8,, and x, the average error in position of 
the same point due to imperfections in the survey itself, then, no matter what may be 
the relative clinures of these components, their sum, /?, can be obtained by relation (1), 
thus— +h ad 

R= +/2?+a2 : 6 ; , : (8) 

At present we are concerned with the second of these components ; its magnitude 
is independent of that of the first; hence in determining x, we may assume «, as non- 
existent; in other words, we may proceed with the investigation on the assumption 
that 8, is without error, remembering that (8) permits of the initial error in bearing 
being taken into account after a, has been evaluated. 


Let L,, L,....L, represent the lengths of the lines of the traverse under con- 
sideration; 7;, 7,... . 7,1, the traverse angles; ¢,, t, . . . . ty_1, the average errors 
by which these angles are respectively affected ; also let 8,, 6,... . 8, be the bearings 
of the lines, and 8, 6’,... . 8’, the average errors in those bearings, 6’; being taken 


as zero. 
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Then the bearing @,,, of any line, is given by— 


Bn=ABi+T,+T..... +T,,-,-180°(m-—1), and 
Bee aE Ate ae te ah : batre (O) 


From (7) we have that the average error in any angle— 


aaa 
oo oe De eee 
7 


Combining expressions (9) and (10)— 


( 1 1 2 cos T,, \ 


Ta ae Dele ey) 


: LT yee gre 2 l 87*/cos T, cos T, cos! 
fmm t/{m-I Sloth tote) a tht tn thot} aD 


This may also be written— 
; ‘ a ye ON Le ccs | 
ee! 2 9 e: _* m 9 
Peotal Mee TERE Tate) foc) Foil 


The latter form is of more service in studying in detail the propagation of angular error 
in an actual traverse, since the average error of the bearings are then worked out in 
succession, commencing with §’5. 

By means of equations (11) or (12) the average error in summation of the angles of 
a closed traverse, or polygon, can be determined. 


(2) Errors in Linear Measurement. 


If a line were 660 feet long it would require a 66-foot chain or steel-band to be 
applied ten times to cover it; hence if the error of a single application of the chain or 
band were a, that for the whole line would be aJ/10. Therefore, if Z be the length of 
a line, and / the average error in that distance. 


Tee Bi 3) 


The coefficient, /, is often taken as a constant for a given kind of instrument (chain or 
tape), but, strictly speaking, its value is dependent also on the length of the chain or 
band used, being smaller for a long than for a short one. 


Average Total Error at the End of the nth Inne of a Traverse. 


(a) In the Case of a Simple Compass Traverse.—Consider the case of a traverse 
in which bearings are taken by a compass and lengths by an ordinary chain. Let wu be 
the average error in each bearing, and /, the value & assumes fora chain. Let L,, be 
any line of the traverse, and J,, the average error in its length; then, from (13) we 
have— 

In= thE, Gla) 


Owing to the error in bearing, the end of any line Z,, will be displaced by the average 
amount L,,u. Therefore the displacement of the point will be due to the resultant of 


the vector errors /,, and L,,u: that is to say, it will be JL, + L2,u?, by equation (1). 
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Now, this average displacement will be passed on to the next line of the traverse, 
and, indeed, to all subsequent lines; hence the end-point of the traverse will be affected 


by an average error compounded of all such errors as V/?L,,+ L272. Thus, by (1)— 


Average total error at the 


— 2/T 2 2 2 
end of the compass traverse \ = ENED + Ty ta ss a 


If the total length of the traverse, namely (Z,+L,... . +2Z,), is constant, a choice 
can often be made between performing the work by a few long lines or by a greater 
number of shorter ones. Now, the magnitude of (Zi+ ZL; . . . . + Z7,) diminishes as the 
number of lines increases ; therefore, in simple compass traversing, numerous short lines 
are preferable to few long ones when the average total error is the question of chief 
importance. This fact is pretty well known, but the graphical proof sometimes 
attempted by writers, though plausible at first sight, is unsound and incapable of 
withstanding careful scrutiny. 

(b) Ln the Case of a Theodolite Traverse.—By means of relation (12) the average 
errors in the bearings of the traverse-lines are successively ascertainable ; similarly, the 
average errors affecting the lengths may be determined from (13), writing /, in place of 
k, where k, is the value the coefficient assumes for a steel tape. Using the same 
notation as before, we have— 


Average total error at the end 


= i G 2/2/2 22 
of the theodolite traverse i =t/{(A(I,+L,.... +0,)+(Lipe+ Lips... . +UiBr)} (16) 


The total error may be analysed in the following way :— 
The co-ordinates of the end point of the traverse, with reference to the first point as 


origin, are— 
Latitude =, cos B,+ L, cos B, . . . . +L, cos B,; and 
Departure = L, sin B,+L, sin B,.... +L, sin B,,. 


Therefore, by applying the theory of errors, we obtain— 


Average error in the latitude of the end point 
= + ,/{13(L, cos? B,+ L, cos’ B,... . +L, cos” G,,) + (L238? sin?,8, + L268? sin? B,.... +1287 sin’? B,)} (17) 


Average error in the departure of the end point 
= +,/{A(L, sin’ 6, +1, sin? 6B, .-. . +L, sin? B,) + (L268? cos? B,. . . : + L367 cos’ 6,)} . (18) 


It is seen that (16) may be obtained by compounding (17) and (18). 

Of these last three equations (16) is the simplest and most useful; it allows of an 
assessment being made of the final error which might reasonably be expected in any 
theodolite traverse, whether “closed” or “open.” Relations (17) and (18) are of value 
when attention is directed to the error in some particular direction, for the co-ordinate 
axes can purposely be arranged so that the direction in question is either north-and- 
south, or east-and-west, with reference to them. 

It follows from (16), since §’,, B’,... . 6’, all attain their maximum values when 
T,, T,, T,. . . . T, ave all 180°, that, other things being equal, a straight traverse will 
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be affected with a greater average total error than any other traverse with the same 
number and lengths of lines. 


The relative Accuracy of Compass and Theodolite Traversing. 


Consider a straight traverse of n equal lines, running between two fixed points W 
feet apart. In these circumstances nL = W (L being the length of any of the lines), 
and 7,=7,....=7,-1=180°. Therefore (15) reduces to— 


Average total error in a simple compass traverse = + /{kiW +wLW } ‘ ». -¢(29)) 


In like manner (16) reduces to— 


Average total error in a theodolite traverse = + hi | ksW + “a =) (v at =) . (20) 
ae 


Now, while (19) diminishes as Z diminishes, (20) increases as Z diminishes; thus 
keeping W constant, it follows that there must be some value of Z for which the average 
total error of the theodolite traverse equals the average total error of the compass 
traverse, and this condition will be secured when— 


7 = m7] 
Waele ew 4 Ne sa) 
9) wo 


In these circumstances £ will be short, and unless the fixed points between which 
the traverses run are very close together, it is sufficiently exact to assume (W-—L) as 
equal to W; when the above simplifies to the following cubic equation :— 

of 2(ki—hy)- Wer) 8Wr? _ 
ery eb Nay 6 inet 


J} 


TU 


To illustrate the value of this result, let us make a comparison between the miner’s 
dial (used as a simple compass instrument) and a 5-inch theodolite, when our experience 
with the instruments has led us to conclude that £, (for the 100-foot chain) = 0°0096, k, 
(for the 100-foot steel band) =0°0063, v=12 seconds, and w=4°. Instead of taking 
7 = 3, inch, as has been done in former examples, we may profit by the results attained 
in an earlier part of the paper, and, now that we are dealing with exceptionally short 
lines, reduce the average centring displacement to 4 inch. Substituting these values in 
(21), and taking W, the total length of the traverse as 1000 feet, L is found to be 
approximately 23 feet. In other words, under the stated conditions, if the lines of a 
straight traverse, all assumed equal, are more than 23 feet long, the theodolite may be 
expected to give more accurate results than the miner's dial; yet if they should be 
shorter than this figure the compass instrument will have the advantage, providing local 
magnetic attraction is absent. It also follows from (21) that this limiting length of line 
increases as W increases; that is to say, the relative accuracy of the two modes of 
traversing depends on the total length of the survey, being more in favour of the com- 
pass method with long traverses than with short ones. 

Before leaving this section of the subject the writer desires to make it quite clear 
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that such a result as that just obtained (wiz., L =23 feet) can only be a very rough one 
even under the stated conditions, and must by no means be taken as being generally 
correct. In this instance it is the method illustrated which possesses value, and not the 
result derived. There are so many factors to be taken into account that it is not 
possible to discuss the general case completely. In the above example we have, if any- 
thing, favoured the theodolite in assuming 6’, the error in bearing of the first line of the 
traverse as being zero. Were a value to be taken for 6’;, equation (8) would need to 
be applied to include its effect, W6’, being written instead of x,, and the “ total 
error” from (20) instead of x, Now, it is evidently quite impossible to give any 
specific value to 6’, such as would serve, even approximately, as a general average; the 
magnitude of 6’, depends on things at present outside our knowledge—namely, on what 
occurred prior to the commencement of the traverse under discussion. Questions such 
as the following immediately arise in reference to this initial error: Does the theodolite 
traverse commence from a triangulation station and become oriented by means of a pre- 
liminary sight over a triangulation line? Ifso, may it be assumed that the triangulation 
was conducted with such a degree of accuracy that the assumption 8’, = 0 is sufficiently 
near the truth for our purpose? Or, was the traverse oriented by taking the magnetic 
bearing of the first lie using, say, the trough compass ?—in which case 6’; can by no 
means be neglected. These, among other possible cases, will serve to show the difficulty 
of dealing with the problem in a general way; yet, in making a comparison of the 
compass and theodolite under any actually existing set of conditions, all questions such 
as the above are quickly answered. 

When the comparison is made between a theodolite traverse referred to the true 
meridian and a compass traverse referred to the magnetic meridian, another factor of 
the first importance enters, namely, the accuracy by which the magnetic meridian 
has been determined. In the case where the compass can be sighted over a line—such 
as a triangulation lie—whose true bearing has been carefully computed, the declination 
may be taken as being determined with an average error of w; the average total error 
in the compass traverse must then be adjusted by means of (8), x, being Wu, and a, 
the value given by (19). 

In short, while it is a matter of the greatest difficulty to make any serviceable 
general comparison between the accuracy of compass and theodolite traversing, it is 
not at all so dithcult to make a comparison to suit any set of conditions which may 
arise in practice. 


Secrion V. THe PropaGaTion oF Errors IN Minor TRIANGULATION. 


To solve any triangle of a triangulation scheme it is necessary to know the angles 
of the triangle and the length of one side. In the first triangle of the scheme the 
leneth of one side is actually measured, and this line is termed the base of the scheme. 
Every angle in every main triangle is measured by the theodolite; it is only in 
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triangles of secondary importance (secondary or tertiary triangles) that two angles only 
are measured, leaving the third to be obtained by difference. 

In this section minor triangulations only are discussed; in these the question of 
‘‘spherical excess” does not enter. 

The errors of measurement in triangulation are of two kinds, namely : (a) Errors in 
the angles, and (b) Error in the base. 

We are justified in taking the average error in the angles of any triangle of equal 
amount, if they have been measured by the same method, and observer, and with the 
same care, since the sides of the triangle are of such lengths as to render centring 
errors negligible (see p. 857). Throughout this section the letter v is taken to 
represent the average error in measurement of an angle, expressed in radians. 

A uniform method is adopted of representing linear errors: thus c, is the average 
error in the side ¢ of a triangle, d, in a side d, and so on. 


(1) The Case of a Single Triangle. 


Firstly, consider the case of a single triangle standing on a measured base—such a 
triangle, for example, as ABC of fig. 4. The triangle forms one link in a chain of 
triangles ; hence errors in measuring the angles or base will not only affect the calcu- 
lated lengths of the unmeasured sides, but will be carried forward through the whole 
scheme ; it is therefore necessary to deal with the triangle as an agent for transmitting 
dastance. 

A train of triangles may subsequently be built upon the side @, or upon 6, or upon 
both. In a general discussion, therefore, these sides must he considered as being of 
equal importance ; in other words, they must be given an equal “weight.” Hence, in 
determining the best shape of the triangle, a must not be allowed to suffer for the 
sake of b, nor b for the sake of a. This condition can only be realised when a and b 
are kept equal in length; that is to say, the best-conditioned triangle must be some 
form of isosceles one. 

Now, a triangle will have the best shape when it fulfils its function as a distance- 
transmitter with a minimum of error. Thus such a triangle as ABC, fig. 4, will be of 
the best shape when the error in @ (or in b) forms the smallest possible proportion of 


the length of @ (or of b); ve. when 4 F is a minimum; for it is the fractional 
a ; 


error — or 7 which must be considered in its effect on the next triangle of the scheme. 


The triangle ABC being isosceles when of the best shape, we have— 
CH1s0 204 + _ (22) 
To calculate the length of the side a, the “sine rule” is used, thus— 


ec sin A 
sin C 


(23) 
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By the theory of errors— 


\ 2 2 2 
oa {Oe Glee} 
= a { ( a eae cos” A cv sin’ A cos’ C ; 
Res sin'O-* ~ sin® C sin C 


4 
= +,/ aerate cot? A+ av cot? Ct 


Therefore the average fractional error in a is determined by— 


al 
a 


=+ | v?(cot? A + cot? C) + ay i ; : . » (24) 


Fic. 4. 


It is evident then, that the fractional error in a can be made to alter by varying the 
shape of the triangle, keeping the length of the base, c, and the fractional error in the 


base, 4, constant. Substituting from (22) we obtain, for an isosceles triangle— 


4 +/ { v?(cot? A + cot? 2A) + (2) } : . . . (25) 


a 
and this is a minimum when (cot? A+cot? 2A) isa minimum. By differentiating the 
latter expression with respect to A and equating the result to zero, it is found that 
A= 56° 15’ gives (25) a minimum value. 


Ogi, aT i KD CN 


_ 


AN INVESTIGATION INTO THE EFFECTS OF ERRORS IN SURVEYING. 865 


That is to say, the theoretically perfect triangle for triangulation purposes is an 
isosceles one, having the angles at the base 56° 15’ and that at the apex 67° 30’. 

If a triangulation could be laid out composed entirely of triangles of this perfect 
shape, the lengths of the sides would gradually decrease as one proceeded further and 
further from the base. Now, this would not be desirable, since, as the sides shorten, 
centring errors would in time cease to have a negligible influence, and the ultimate 
effect would thus be to increase the average error in the angles. Again, with a scheme 
in which the triangles were gradually being reduced in size, more triangles would be 
needed to cover a given area of ground. Therefore, although the result last deduced 
possesses a considerable theoretical interest, there is no reason to depart from the 
opinion generally held, to the effect that the best shape of triangle for practical 
purposes is the equilateral. 

Attempts are sometimes made to prove the equilateral to be the best-conditioned 
triangle by a graphical method ; the premises, however, are generally defective, and in 
some cases quite unreal. The writer believes the problem to be too intricate to be 
treated adequately by any graphical mode. 

The curves, fig. 5, are constructed from equation (25); they show the relation 


Ga i ; ; 
between the average fractional error, a in the side, a, of an isosceles triangle, ABC, in 


which the apical angle, C, assumes all values between 0° and 180°. For curve A the 


fractional error in the base, namely ms is assumed negligible; for curve B it is taken as 


1+20,000, or 5x 10~°, and for curve C'as 1+ 5000, or 2 x 10~*. 

In all three cases the average error, v, in angle, is taken as 10 seconds (4°85 x 10~° 
radians). 

These curves supply a considerable amount of information of practical importance. 
They provide, first of all, a further justification in taking the equilateral as the perfect 


; a GS é : 2 ° ° 
shape, the difference in = being inconsiderable as between C=67° 30’ and C=60". 
Secondly, curve B, which is constructed with = and v of similar magnitudes—a case 


: : aC tat : 
pretty common in practice—illustrates how rapidly a increases when C' exceeds 120 


or becomes less than 30°, but also shows that the vate of increase is not so rapid when 
C assumes unduly large as when it assumes unduly small values; it may therefore be 
taken to demonstrate the well-known rule to the effect that no important triangle should 
have an angle less than 30° or greater than 120°. On the other hand, curve C’shows that, 
when the error in base greatly exceeds that in angle, these limits may be set much further 
apart without any appreciable reduction in accuracy. Indeed, when v=12 seconds, 


and “i 1+5000 the angle C may be given any value from 15° to 145° without risk. 


We learn, then, that whether a triangle is to be considered permissible for triangulation 
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purposes does not depend merely on its shape, but also on the relative accuracy of the 
base and angles. 

Now, since the lines of a triangulation become affected with a greater average error 
the further one proceeds from the base (see equation (30)), and as each of these lines 
virtually serves as base for the triangle depending on it, it follows that it is permissible 
in practice to use triangles towards the end of a scheme departing more from the perfect 
shape than those near the beginning. We can also conclude, that, whenever circum- 
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stances are such as to preclude accurate base-measurement, the best aim in laying out 
the scheme is not to arrange the triangles as nearly equilateral as possible, but purposely 
to elongate them so as to cover the area with as few triangles as possible. 

Referring again to curve B, it is seen that even when the base is measured with an 
accuracy commensurate with that of the angles, too great a stress may be laid in practice 
on striving after the equilateral shape, for isosceles triangles in which the apical angles 
lie anywhere between 50° and 90° are all almost equally well-conditioned. This fact 
simplifies the subsequent work, for we can now proceed to consider schemes built of 
equilateral triangles, knowing that the results attained will be of almost equal practical 
value for triangles departing considerably from that shape. 
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When the triangle is equilateral, equation (25) becomes— 
y) 2 
a 


(2) The Case of a Chain of Triangles. 
Fig. 4 shows a chain of triangles dependent on the measured base, c. When the 
triangles come to be solved a will serve as base for the second triangle, d for the third, 


and so on. 
We have from (24), no matter what may be the shape of the triangles— 


d, J! oye 2 a%\" 2eot2 2i 2 2 ae 
Fnac | (cot? D + cot? Lys a =+ v*(cot? D + cot? F + cot? C+ cot? A)+ PRON ©, 


ote) ‘ : 
and if 3 be the average fractional error in a side of the nth triangle— 


Se aera wh { »o( Sam of the squares of the cotangents of all the faa Er } _ (27) 
Z of the scheme which are opposite internal sides * c 


In practice, whether the survey is accurate or not is judged from a comparison of 
the measured and calculated length of a check-base. 

If z is this check-base, placed at the extreme end of the scheme, and z, is its 
calculated length, equation (27) provides a measure of the average fractional error in 
that quantity. Let z, be the measured length of z, and z, the average error in 
measuring it. 

Then the difference between the calculated and measured lengths of z will be 
due to z, and z, combined ; hence if z, represent the average value of this difference, 
2=+,/(4 +2), or, to state the average fractional difference— 


ae oA { ae of the squares of the cotangents of ay a. (2) A a (28) 


Z angles opposite internal sides 


When the triangles are roughly equilateral (28) reduces to— 


Ze 2nv" 2) On 
3 —— +,/ { 3 aF ( aF Z . . . . (29) 


When a check-base forms a side of the triangle most remote from the base it is 
generally taken for granted that, if the measured and calculated values agree to, say, 1 
in 12,000, the accuracy of the triangulation as a whole may be expressed by that ratio. 
Towards the end of the paper some criticism on this assumption is attempted. There 
can be no doubt, however, that the criterion is a most valuable one, and its utility in 
one important respect falls to be mentioned here :— 

A minor triangulation is usually performed to serve as a backbone survey; by 
means of it a number of fixed points scattered over the property are established with 
a high degree of accuracy. These points are afterwards linked together by traverses 
which are for the purpose of gathering in detail. If the triangulation stations have 
been well placed, there will never be need for these traverses to be extensive; the 


* All such lines as a, d, g, etc., which are not bounding lines of the area covered by the scheme, are spoken of here 


as internal sides. 
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greater part of them will run from one triangulation station to the next. Hence—to 
use a criterion of negligibility already employed (p. 856)—if the distance between two 
triangulation stations is known with an average error equal to or less than one-third of 
that accruing in a traverse connecting them, the closing error of the traverse can be 
assessed without there being need to take the triangulation error into account. For 
example, if the maximum accuracy in one of these traverses is likely to be 1 in 4000, a 
suitable accuracy for a triangulation line would be 1 in 12,000. Should it then be 
found, on completion of the triangulation, that the two values for the check-base agree 
to within one-twelve-thousandth of its length, it could safely be concluded that the 
required degree of precision has been attained. 

When the actual fractional error in a check-base has been determined it is probable 
that the fractional error in all preceding lines will be less than that amount. 

From considerations such as those just discussed a surveyor decides on the degree of 
accuracy he requires in the lengths of the triangulation lines, and the verification base 
allows him to tell if that precision has been reached. 

One of the most important and most difficult questions in triangulation arises before 
the survey commences and after it has been decided what precision is required, and is, 
How carefully must the base and angles be measured in order that there may be a fair 
chance of this degree of accuracy being achieved ? 

A very satisfactory answer to this question can be obtained by the aid of relation 
(27), which, when the triangles are approximately equilateral, reduces to the following 


form — 

; 9 ND) 

4—+,/ {| 2+(2) } . (30) 
By substituting what we may roughly term the “accuracy ratio” (1 in 12,000, 1 in 


Gina ee ; c 
10,000, or whatever it may be) for — in this equation, suitable values for v and = may 


be ascertained. Theoretically the most equitable arrangement is for — to equal v 7 ai 
but this condition cannot always be satisfied. Circumstances may be such that it is 


; ; Cie : c 
easier to attain a low value of v than a low value of in which case = may profitably 


be allowed to assume a higher, and va correspondingly lower, value than those the 
strictly equitable arrangement would give ;—for it must be borne in mind that the 
necessary degree of precision is best secured when the expenditure of labour is a minimum. 
In this connection it is possible that the following table, calculated from (30) will be 
useful as a guide. The table is computed on the assumption that an accuracy of 1 in 
12,000 is desired in the check-base—a sufficiently high degree of precision for most 


minor triangulations—and it gives suitable values of v and a for different numbers of 


roughly equilateral triangles :— 


ones a te I a AL AE CA ly: a 
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Number of Triangles| Average Error in | Average Error Sugyested Mode of | 
in the Scheme. Angle in Secs. | in Base. Measuring Angles. 
Ne v. | C+0. 
| 
1 12 | 1: 14,500 Single F.L. and F.R. 
observation. 
3 8°5 1: 17,000 2 reiterations on each 
face. 
5 i 8°5 | 1: 28,000 Ditto. 
\ or 7 1: 18,000 3 reiterations on each 
| face. 
if 7 1; 25,500 Ditto. 
9 6 1: 23,500 4 reiterations. 


The mode of measuring the angles entered in the last column refers to the use of a 
reliable modern 5-inch transit theodolite, with two verniers to the horizontal limb 
each reading to 20” of arc. Dogmatism would be very out of place in dealing with the 
mode of measurement best to employ to attain a certain average error in angle, 
surveyors methods and instruments differing as they do; the methods named in column 


4 of the table merely express the writer’s individual experience with instruments of the 
above-named kind. 


It could be urged that this process of determining suitable values for v and : is 


faulty in one important respect, namely, that if the values stated in the table were used 
they would only ensure that the average error in the check-base would be 1 in 12,000, 
and not that the actual error would be /ess than that ratio. In other words, it would 
seem as though we had only secured roughly an even chance * of the actual error being 
below 1 in 12,000. In answer to this very logical objection, attention is called to the 


fact that the values for a in the third column have purposely been kept considerably 


below those which will actually be obtained if the base is over 500 feet long, and if it 
is measured with a standardised steel tape by an approved method. While few will 
be willing to go so far as one writer on surveying, who states that the difference between 
successive measurements of a base should not exceed 1+160,000 of the length, it is 
pretty widely admitted that, when the temperature correction is applied, the standard 
tension given, and the slope determined, an accuracy of 1 in 50,000 can be secured.t 

To show that the latter ratio is by no means excessive, and also to illustrate the 
method of ascertaining the accuracy of a base measurement, the following example is 
given. Attention is called to the fact that the discrepancies between the readings are, 
if anything, greater than those one usually expects in practice :— 

Example.—After applying the necessary corrections, the results of six measurements 
of the length of a base were obtained as: 1014°52, 1014°59, 1014°63, 1014°50, 1014°60, 


* More exactly, a chance of about 9 to 7, owing to the average error being equal to 1'18 of the probable error. 
+ Compare with J. B. Jounson’s Theory and Practice of Surveying (Wiley, New York). 
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and 1014°58 feet, of which the mean is 1014°57 feet. By subtracting each result from 
the mean, the residual errors are respectively found to be: ‘05, ‘02, ‘06, ‘07, 03, ‘01 
ft., their signs being disregarded. By taking the arithmetical mean of these—which 
is found to be ‘04 ft.—the apparent average error of a single measurement is obtained. 
Assuming that the same line of argument can be applied to apparent as to real errors,* 
the theory of errors states that the real average error of the mean can be determined 
from the apparent error of a single measurement by dividing the latter by /n—1, 
where » is the number of observations. Hence in this case the real average error of 
the mean equals ‘04+ /5, or 018 ft. The average fractional error is therefore ‘018 
+1014, or about 1 in 56,300. 

Besides the fact that reasonable care will give a degree of precision in the base 
measurement very superior to any stated in the third column of the above table, a 
further slight increase of accuracy will result from the distribution of error in the 
angles.} If the values of v in the table are adhered to as nearly as possible, the pro- 
bability that the error in the check-base will work out under 1 in 12,000 is therefore in 
actual circumstances considerably more than one-half. 


The Accuracy of Triangulation as a Method of Transmitting Distance. 


Having determined how the various lines of a triangulation scheme are affected by 
error, it remains to discuss in what way these several errors combine in disturbing the 
positions of the stations. 

Fig. 4 shows a chain of approximately equilateral triangles springing from a measured 
base, c. Let station 1 be taken as origin of co-ordinates, and line ¢ as arbitrary meridian. 
An error in any point is stated with regard to station 1 as a fixed poimt and to the 
direction of line ¢ as a fixed direction. 

In dealing with the average total error affecting, say, the point 7 it is necessary to 
regard separately the influence of angular and of base error. The effect of the latter 
is easy to assess, since a fractional error in the base will cause the whole scheme to 


* An assumption often made. In this case it is evidently of no use unless the tape has recently been standardised, 
for if not, constant error of comparatively large magnitude may be introduced which would render nugatory any 
such calculation as that above. The writer has seen calculations for probable error made on two measurements ; 
the result (though believed to be valuable) was of course quite worthless. A base should be measured quite five times 
before the error can be analysed—and the mathematician will probably say that this number is insufficient. 

The method of evaluating the average error in angle, given earlier in the paper, and based on the summation of 
the angles of a triangle, makes an attempt to assess the real error. Hence the need of obtaining the real average error 
in the base, as distinct from the apparent error, since the linear and angular errors are compounded in many of the 
expressions derived. From the strictly mathematical point of view there are objections to compounding errors 
determined in so different a way ; however, the conclusions reached will be sufficiently near the truth to be of service 
in practice. 

+ The usual tendency is, perhaps to exaggerate the value of distributing error. It can be shown that the average 


/2 aoa : aor 
angular error, v, is only reduced to v 4/ 9, or 0°80, by adjusting the angles of a triangle by means of one equation of 


condition, (See Caas. L. CRANDALL’s Text-book on Geodesy and Least Squares, 1907.) 
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expand or contract in that proportion ; hence, if Z, be the distance of the point 7 from 
the origin, the average fractional error in Z,, due to base error only, will equal a4 


Dealing next with the average displacement of the stations owing purely to angular 
errors, (30) may be written in the form— 


2nvre’ 
4>= of ee eo 5 . . . ° (31) 


since the sides of the triangles are roughly equal; and if the influence of the base error 
be eliminated from (31) we have— 
2n 
= veg/ 5 : : ‘ > (82) 


which measures the average error in the length of a side of the nth triangle due purely 
to error in the angles of the scheme. 

Now the apex of the first triangle, namely the station 3, is disturbed by errors 
transmitted along a and b and of equal amount; hence from (32) and (1) we have— 


Average displacement in station 3 due to angular errors only = + ven/ ; : . (33) 


This displacement will be transmitted to station 4 va line d; it will, as it were, 
gather on its way the error in d itself. Station 4 will also be disturbed by error 
transmitted along e, which in this case will merely be é,, since station 2 is unaffected 
by angular error. Applying theorem (1) to sum these displacements, we obtain :— 


oe! 
Baa ae 


+ vm/ 2 : . (34) 


Similarly the error influencing station 5 is compounded of those influencing stations 


Average displacement of station 4 due to angular error only = + ve, 


3 and 4 together with the errors in the lines f and g, and may be expressed-— 


28 
Average displacement of station 5 due to angular error only = + vey / = (35) 
In like manner the average displacements in the remaining stations due purely to 


angular error may be calculated ; they are as follow :— 
' 56 
Average effect of angular error on station 6 = + ve a : é : - (36) 


104 
Do. do. : 7= tve,/ : : : : 
ny) 0) do (= +e 3 (37) 


| Sum of squares of coefficients of ve for stations 
. = tv 
error on station N : 


Average effect of angular \ at 4 38 
) (N 1) and (N ~ 2) plus 5 (N - 2) oe (38) 
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If Z, be the distance of station N from the origin, the average fractional error 
in that distance, due to angular error in the scheme, is :— 
x - { Sum of the squares of the coefficients of ve for 
eee a 4 (39) 
=e stations (N — 1) and (N — 2) plus - (N - 2) if ; ; 


N| 
A 


We have seen already that the average fractional error in Z, due to an error, G, in 


. Cy : =e 
base measurement is +o: and we are now in a position to compound these errors to 


0) 


In this result it will be noticed that, while the effect of the angular error increases 
as the number of triangles increase, the influence of the fractional error in base 


obtain :— 
Average fractional error in Zy due to \ Lae yh { &) 


linear and angular errors combined Dic 


measurement is constant; hence where greater precision of distance-transference is 
desired in an extensive scheme, it will generally pay better to devote attention to 
improving the angular rather than the linear measurements. 

Another fact of the first importance established by the last result is the necessity 
of using as few triangles as possible in the scheme to cover the area under survey. As 
accuracy in distance-transmission is desired of every survey, this conclusion is hardly 
second in importance to the one that the triangles should be well-conditioned. 


The Value of the Check-base as a means to Assessing the error in Distance 
Transmission. 


The value of the check-base in allowing of the error in the szdes of the triangles 
being roughly assessed has already been shown; we have yet to examine whether the 
wider claim—that the accuracy of the triangulation as a whole is determined by the 
discordance (expressed as a ratio) between the measured and calculated length of the 
line—is justifiable. 

If the average fractional error in the check-base were exactly equal to the fractional 
error in Z, (the distance of station N from station 1), it would follow that the right- 
hand sides of equations (29) and (40) would be equal, and it is evident that this is 
not generally the case. Since, then, the above-stated claim cannot be established in 
full, it remains to determine between what limits it is admissible. 

The table below is drawn up to compare the average fractional error in Z, with 
the average fractional difference between the calculated and measured values of the 
check-base, z, for the scheme of fig. 4. It is assumed that the check-base forms a side 
of the triangle whose apex is station NV. 
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. ; Average Fractional Average Fractional Difference 
Station LV. Error in Zy. between Measured and Calcu- A? — Y?, 
lated Check-base. 
(X). (OS), 
jiavinte | s/f sea(2)} | /faee(e)eQ)} | omne- 
Apex of 3rd triangle xf DEE ¢ pa? +(¢ ale 0°33 ; 
2 aN? 2 2 
Do. 5th! do. J} 3-850? + (21) \ hs 3°330 + (2) +(2) \ 0-520 - (22) 
\ c c Z 
2 2 2 yNe 
Do. 7th do. /{ oss+(2) | ee tere+ (4) 4 (2) b | 1-91-() 
ay Cc \ c Z Y 
2 2 2 aN 
Do. 9th do. / 4 11-7908 + (2) \ we 6u+ (4) +(2) | 5-790? (2) 
. c c aj % 
2 2 2 
Do. Uth do, | q/{2208+(2)'b | / {rsae+ (2) +(2)b | 14750 () 
¢ Z Z 


The condition to be satisfied in order that the fractional error in the position of, say, 
the apex of the ninth triangle shall be equal to the proportional difference between 


the measured and calculated check-base is that 5°79v” shall be equal to eas That 


is to say, if v were 6 secs. (see table, p. 869), “2 would have to be about 1 in 14,250—a 
degree of accuracy inferior to that usually attained in practice in the measurement of 
a check-base for a scheme of this size. We may therefore conclude that if the triangles 
were arranged as in fig. 4, it would not be safe to consider the actual degree of agree- 
ment between the two values for the length, of the check-base as a measure of the 
accuracy in position of the apex of the ninth triangle. Again, fig. 4 shows an excep- 
tionally favourable arrangement of triangles for the rapid transference of distance ; 
almost every other arrangement of the same triangles would result in a diminished Z,, 
and therefore in an increased fractional error in Z,. So far, then, this investigation 
has shown that the average fractional error in the check-base is always less than, 
and in many cases will be much less than, the average fractional error in distance- 
transmission when the number of triangles is nine. On the other hand, it can be 
shown in like manner that if the scheme is composed of only two or three triangles 
the accuracy in distance-transmission is superior, on the average, to that in the check- 
base. There must therefore be a value of n, the number of triangles, at which the 
average fractional error in each of these quantities is about equal, and, to be on the 
safe side, the writer places this at n=5. 

Thus we are led to conclude that the fractional error in the verification base, as 
determined by comparing its measured and calculated length, may be taken, in general, 
as a reliable check on the accuracy of distance-transmission only if the number of 
triangles is less than five; but that when the triangles exceed five in number the check 
ceases to have value, owing to the rate of increase of the error in Zy being more rapid 
than that in the check-base. 
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In this connection lies the chief utility of this portion of the investigation, for it 
provides a criterion on the accuracy of distance-transmission when the check-base 
ceases to afford a safe measure of it. 


Section VI. Summary or REsutts. 


The conclusions reached in the foregoing portions of the paper are here collected in 
an abridged form under two heads, (A) and (B). Under the first of these heads are 
placed those results which may be considered as already recognised by surveyors, and 
under the second are given those which the writer believes to be new. The numbers in 
brackets call attention to the formulee deduced in the previous sections, from which the 
various conclusions are derived :— 

(A) (a) Displacements in centre have a greater influence on short than on long lines ; 
hence the necessity for closer centring on short lines. (See (7) and the curves, fig. 3, 
which allow this question to be studied fully.) 

(b) Centring errors in triangulation are generally negligible.* [(7) and p. 857. | 

(c) In compass traversing (loose-needle work) short lines are advisable [(15) and 
(19)], and in theodolite traversing, long ones [(16) and (20)]. The fact that a superior 
accuracy may be attainable by a compass instrument than by a theodolite when the 
traverse lines are very short is admitted by some.t A proof of this is given (p. 861), and 
it is shown that the length of line for which the accuracy becomes equal for the two 
kinds of instrument is capable of being roughly calculated. 

(d) The best shape of triangle for triangulation purposes is the equilateral. It is 
shown [(25) and curves, fig. 5] that theoretically the best shape is an isosceles triangle 
having an angle of 67° 30’ at the apex ; fig. 5 indicates, however, that in this respect 
there is no appreciable difference between an equilateral triangle and one of this 
theoretically best shape, and for other reasons stated (p. 865) it is concluded that the 
equilateral may be considered the most suitable form for practical purposes. 

(ec) No angle in a triangulation triangle should be more than 120° or less than 30°. 
This rule, given in most text-books and forming an article of faith for almost all sur- 
veyors, is shown to be of value only under certain conditions. It is, however, always on 
the safe side, and in that respect may be taken as demonstrated. ‘The question is dealt 
with more fully below. 

(f) The accuracy of a triangulation may be tested by a comparison of the measured 
and calculated length of the check-base. Such a comparison is usually viewed as the 
most rigorous test that can be applied on the accuracy of a survey. It is generally 
assumed that if the difference between the two values for the length of the check-base is, 
SAY, po hoo Of that distance, the accuracy of the survey as a whole is expressible by that 

* See MippLeton and Cuapwick’s Treatise on Surveying, 1904, Part I., p. 193, for instance. 


+ For example, see “ Notes on Railway Surveying,” by C.J, AtBrecu?, Min, Proc. L.C.E., cliv. p. 262, where a com- 
pass instrument is advised for running trial lines in country overgrown by forest, or in broken ground. 
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fraction. This is proved true only in part (p. 872). It is shown that such a ratio is of 
value in assessing the probable accuracy of the individual lines of the survey (p. 867), but 
not necessarily in determining the accuracy of the triangulation in distance-transmission. 
This latter point is further discussed below. It will also be evident that if the main 
and verification bases are measured by the same steel-tape, the latter will provide no 
check on cumulative errors in measurement, such as that resulting from the tape being 
incorrect in length, 

(g) In a triangulation scheme covering a certain area of ground, the fewer the 
triangles the better (40). The importance of this fact is emphasised. 

() It is permissible to use triangles towards the end of a scheme departing more 
from the perfect shape than those near the beginning. 

(B) (a) Though essentially a mathematical theorem, the mode of summing vector 
errors (1) perhaps deserves first place in this series of new results, since much of the 
work—particularly the study of the accuracy of triangulation in distance-transmission 
—would have been very difficult, if not impossible, without it. 

(6) A method of assessing the average error due to imperfect centring is given 
(Section II.), allowing of this class of angular error being studied in relation to that due 
to imperfect sighting and reading of a surveying instrument (Section III). 

(c) It is shown that the average error due to centring depends on the value of the 
traverse-angle, being a maximum when that angle is 180° (6). 

(ad) Formule are derived [(12), (15), and (16)] which allow of the average total 
error being computed in any traverse, whether “closed” or ‘‘ open,” and whether run 
by a theodolite or compass instrument. By their application it is possible to determine 
if the error of closure in a ‘“‘closed” traverse is less or greater than the average, and 
thus they provide a criterion of accuracy more satisfactory than that given by express- 
ing the closing error as a fraction of the total length of the traverse. The chief objection 
to the formule is their cumbrousness, and the apparent impossibility of reducing their 
size by any process of approximation without at the same time nullifyme any value 
they may possess. ‘Trial will show, however, that computation by means of them is not 
such a lengthy process as would at first seem (providing tables of squares, square-roots, 
and reciprocals are at hand), since round numbers only need be employed for the lengths 
and angles. In obtaiming the average value of the total error of a theodolite traverse, 
(12) is first used, and the results afterwards substituted in (16). 

Perhaps the chief utility of these results lies in the fact that they enable the error 
which might reasonably be expected in any “open” traverse to be ascertained. 

(e) By formule (17) and (18) the average error respectively in the total latitude and 
total departure of the end point of a traverse can be computed, These formule are of 
use when it is desired to find the error likely to occur in any given direction, one co- 
ordinate axis being, for the purpose of the calculation, arranged in that direction. For 
instance, in the well-known problem in practical surveying to determine the length and 
bearing of the closing side of a polygon, the average error in both these unknown 
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quantities could be studied by means of (17) and (18), roughly the direction of the 
closing side being taken, say, as arbitrary north for co-ordinates. (A_ preliminary 
plotting with protractor and scale, or perhaps a measurement from an old plan, will 
enable the direction of the missing line to be obtained sufficiently closely for this 
purpose.) Then the result as given by (17) would evaluate the average error in the 
closing side, while that given by (18) divided by the length of the line would express 
the average error in bearing in radians. Considering that this mode of analysis could 
be of great service, particularly in mine-surveying, it is a pity that is so tedious to 
carry out and that it involves the calculation of co-ordinates, which, after the analysis 
is completed, would not usually be of service in plotting, since they are computed with 
reference to no definite meridian. 

(f) A traverse running more or less in a straight line will on the average be affected 
by a greater error than any other—a closed traverse, for instance—having the same 
number and lengths of lines (16). 

(7) Though equation (24) is not new,* the writer believes the inference drawn from 
it, to the effect that theoretically the best shape of a triangle for triangulation purposes 
is an isosceles one with an apical angle of 67° 30’, has not previously been published. 

(i) With reference to the question as to what maybe considered a permissible shape 
for a triangle, it is shown [(25) and curves, fig. 5] that the answer depends on the 
relative accuracy of the base and angles. The limits usually given—30° and 120°—for 
angles of a main triangle are satisfactory when the base and angles are measured with a 
similar degree of precision, but should the accuracy of angular measure be considerably 
superior to that of the base, these limits may be set further apart with advantage (p. 865). 
A consideration of (40) will show that to measure the angles more precisely than the 
base is not so illogical a proceeding as might at first be supposed. 

(7) Too great a stress can be laid on considerations of shape of triangles ; even when 
the base and angles are measured with the same order of precision, isosceles triangles in 
which the apical angles lie between 50° and 90° are all almost equally well-conditioned 
(p. 866 and curves, fig. 5). 

(k) Values for the average error in the calculated length of a check-base are obtained 
[(27) and (30)], and also,for the average difference between the calculated and measured 
length [(28) and (29)]. From the former, suitable average values are deduced for the 
errors in angular and linear measurements so as to result in a given average error in a 
check-base. These values-are set forth in tabular form (p. 869). 

(/) Having regard to the relative accuracy in base and angles usually attained in 
practice, it is shown to be generally more desirable to increase the accuracy of the 
angular rather than of the linear measurements when a greater precision in distance- 
transmission is desired of a triangulation survey (40). 

(m) It is dangerous to consider that the fractional error in the check-base, as 
determined from the measured and calculated values, expresses even approximately the 

* Vide W. Weiterecat’s Ausgleichungsrechnung nach der Methode der Kleinsten Quadrate, p. 63, 
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fractional error in distance-transmission of the scheme as a whole. Such an assumption 
will only be on the safe side when the number of triangles is less than five, and will 
become rapidly more incorrect the more that number exceeds five [(40) et seg.]. A table 
is given (p. 873) which allows of the difference between the accuracy of distance-trans- 
mission and that of the check-base being studied for different numbers of approximately 
equilateral triangles, when arranged in the form of a straight chain. 

No matter what may be the number of triangles, it is possible, after the fractional 
difference between the measured and calculated leneth of the check-base has been 
computed, to assess roughly a value for the error in distance-transmission for any scheme. 
This may be done by the aid of (29) and (40). 
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